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PROCEEDINGS 


NOTICE OF REGULAR MEETING. 


A REGULAR meeting of the Boston Society of Civil Engi- 
neers will be held on 


WEDNESDAY, FEBRUARY 17, 1015, 


at 7.45 o'clock P.M., in CHIPMAN HALL, TREMONT TEMPLE, 
Boston. 

' Mr. William S. Johnson will present a paper entitled, 
“Ground Water Supplies.’’ The paper will be illustrated with 


lantern slides. 
S. E..TINKHAM, Secretary. 


PAPERS IN THIS NUMBER. 


‘““ The Economic Depth of Trickling Filters,’’ Harrison P. Eddy. 
(Presented December 9, 1914.) . 


“ The Depth of Filtering Material and Teikting Filter Eff- 
Saal H. W. Clark. , > he 
; (Presented Pegoubér 9, 1914.) . 


Discussion of ‘‘ Economic Depth of Ticking Filters.” 


“ Toilet Regulations for eta aeels Establishments.” Report of 


Committee. 
1* 
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CURRENT DISCUSSIONS. 


Discussion 
Paper. Author. Published. Closes. 


“ Commission-Manager Form of 
Government. H. M. Waite. Jan. March 15. 


Reprints from this publication, which is copyrighted, may be made pro- 
vided full credit-is given to the author and the Society. 


ANNUAL MEETING OF THE SOCIETY. 


The annual meeting of the Society will be held on Wednes- 
day, March 17, 1915, at the Boston City Club, Ashburton 
Place, Boston, where the accommodations will be even more 
satisfactory than those secured in former years at the old club- 
house. 

The annual meeting for the transaction of business and the 
announcement of the result of the letter-ballot for officers will 
be held at 12 o’clock noon. A short address will be made by 
the retiring president. . 

The annual dinner will be served at two o'clock, in the 
banquet hall of the club. 

In the evening a smoker will be held in the banquet hall, 
at which light refreshments, music and other entertaining fea- 
tures may be expected. 

Further details will be furnished in a special circular to be 
sent out early next month and in the March JOURNAL. 


ANNUAL MEETING OF THE SANITARY SECTION. 


THE annual meeting of the Sanitary Section will be held 
Wednesday evening, March 3, 1915, at the Boston City Club. 

Dinner will be served at 6.00 o'clock in one of the special 
dining rooms. It is expected that the new building will be 
available for this meeting. 

The business meeting will begin at 7.30 o’clock. The 
business includes the following: Minutes of previous meetings, 
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reports of committees and election of officers for the ensuing 
year. 

The speaker of the evening will be Mr. David A. Hartwell, 
Chief Engineer of the Sewage Disposal Commission, Fitchburg, 
Mass., who will present a paper on ‘‘ The Fitchburg Sewage 
Disposal Works.” The paper will be illustrated by lantern 
slides. 

Make it a point to attend the annual meeting and enjoy 
a social evening. 

FRANK A. MArsTON, Clerk. 


MINUTES OF MEETINGS. 


Boston, January 13, I1915.—A special meeting of the 
Boston Society of Civil Engineers was held this evening in the 
Society Rooms, at 8 o’clock, Vice-President Richard A. Hale 
in the chair. There were 36 members and visitors present. 

Mr. Sanford E. Thompson read in part a paper prepared 
by him and Mr. William O. Lichtner, on ‘‘ Construction Man- 
agement.” This paper was read at a meeting of the Western 
Society of Engineers held in Chicago on December 21, 1914, 
and by permission of that Society it is presented at this meeting 
for discussion. 

The following, among others, took part in the discussion: 
Sanford E. Thompson, William O. Lichtner, J. Arthur Garrod 
and Leslie H. Allen, These discussions will be printed with 
the original paper in the Journal of the Western Society of 
Engineers. 


Adjourned. 
S. E. TINKHAM, Secretary. 


Boston, January 27, 1915.—A regular meeting of the 
Boston Society of Civil Engineers was held this evening at 
Chipman Hall, Tremont Temple, and was called to order at 
8 o'clock by the senior Vice-President, Charles R. Gow. There 
were present 90 members and visitors. 

By vote, the reading of the record of the last meeting was 


ses BOSTON SOCIETY OF: CIVIL ENGINEERS. 


dispensed with and-it was approved as printed in the January 


JOURNAL. 
The Secretary reported for the Board of Government. that 


it had elected the following: to membership in the grades named: 


Members: Frederick Thornton Aides Lloyd Elliot Baker, 
Roderick Stuart Barnes, Arthur Eliot Blackmer, Walter Keith 
Brownell, Byron. Chapman Bussey, Joseph Lewis Carr, Martin 
Charles ‘Cherry, Charles Francis’ Dingman, Henry Francis 
Dolliver, John Henry Duffy, Clyde M. Durgin, Charles Leavitt 
Edgar; Robert Benneson . Farwell, Louis Ernst Flett, Philip 
Ely Fuller, John Patrick Gallagher, John M. Goodell, Thomas 
F. Gray, John Henry Griffin, Jesse Franklin Hakes, James Hayes, 
Jr., Charles Irwin Hosmer, Howard Chapin Ives, Charles D. 
Kirkpatrick, Arthur. J: Knight, Harry,.Eleazer Lake, Alfred 
Rainford Mellor, Charles Augustus Miller, James Andrew 
O’Brien, Eugene Stewart Patton, Lew Knowlton Perley, Chaun- 
cey Rusch Perry, Frank Linwood Preble, Fred W. Proctor, John 
W. Raymond, Jr., Fred Burgess Skillin, George Carter Stone, 
Joseph Andrew Tosi, Winthrop Lodge Wales and Robert J. H. 
Worcester. 

Associates: Walter T. Hoover and George Edwin Stuart. 

Juniors: - William Augustine Brown, William J.. Cochran, 
Marshall Bertrand Dalton, Harold F. Davis, Robert Elwyn 
De Merritt, Walter C. Eberhard, Harrison Prescott Eddy, Jr., 
Victor Joseph: Gallene, Raymond Daniel Gladding, John Baxter 
Hanna, Arthur William Knowlton, Millard Bartlett Pinkham, 
George Washington Simons, Jr., Stanley Armstrong Smith, 
Howard Cushing .Thomas and Christian Frederick Wolfe. . 


‘ On motion of Mr. George A. aaitinaas it was ved that 
the Chair be ‘requested to appoint a committee of three to 
suggest to the meeting the names of five members to-serve 
as a committee to nominate officers for the ensuing year: The 
Chair ‘appointed; as that committee, Messrs. George A. Car- 
penter, William S. Johnson and Ralph E. Curtis. Later in the 
meeting the committee reported the following names as members 
of the: nominating: committee, and by vote they were: elected: 
Messrs: ‘Arthur: T. ‘Safford, Frederic I.:.Winslow, : Irving — E. 
Moultrop, Arthur L. Plimpton and Bertram: Brewer. ' |. « 

The Secretary presented ‘memoirs -of «deceased: members 
prepared: by: committees of the Society as follows: 
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Memoir of Past President George B. Francis; committee, 
John W. Ellis and Edwin J. Beugler; Memoir of Lucian A. 
Taylor; committee, William E. McClintock and Frank E. Hall; 
and Memoir of Albert H. Howland; committee, Frederick 
Brooks and Frank L. Fuller. By vote, the Memoirs were 
accepted and ordered to be printed in the JOURNAL. 

The chairman then introduced Mr. Nathan H. Daniels, a 
member of the American Institute of Electrical Engineers, who 
read a paper entitled, “Insurance as an Aid to Engineers.” 
The paper was illustrated by lantern slides. A discussion fol- 
lowed the reading of the paper, in which Prof. Frank B. Sanborn, 
Mr. Daniels and others took part. 

After passing a vote of thanks to Mr. Daniels for his inter- 
esting and valuable paper, the meeting adjourned. 

S. E. TInKHAm, Secretary. 


APPLICATIONS FOR MEMBERSHIP. 
[February 6, 1915.] 


Tue By-Laws provide that the Board of Government shall 
consider applications for membership with reference to the 
eligibility of each candidate for admission and shall determine 
the proper grade of membership to which he is entitled. 

The Board must depend largely upon the members of the 
Society for the information which will enable it to arrive at a 
just conclusion. Every member is therefore urged to communi- 
cate promptly any facts in relation to the personal character or 
professional reputation and experience of the candidates which 
will assist the Board in its consideration. Communications 
relating to applicants are considered by the Board as strictly 
confidential. 

The fact that applicants give the names of certain members 
as reference does not necessarily mean that such members en- 
dorse the candidate. 

The Board of Government will not consider applications 
until the expiration of twenty (20) days from the date given. 
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McNutty, RICHARD JAMES, Boston, Mass. (Age 45, b. Dorchester, 
Mass.) Educated in Boston public schools. From 1888 to 1892, draftsman 
with Edward A. Buss, mill engineer, on mechanical and mill design; from 
1892 to 1894, draftsman with the Boston Board of Survey and mill architect 
and engineer for several companies; from 1894 to 1896, with Percy N. Ken- 
way and Prof. S. Homer Woodbridge, on heating and ventilating work; 
from 1896 to 1904, with the Metropolitan Sewerage Commission on general 
work including pumping station and machinery design; from 1904 to date, 
with the Boston Sewer Division on architectural, mechanical and sewer work. 
Refers to E. A. Buss, C. H. Dodd, E.'S. Dorr and W. T. Wiley. . 

SMULSKI, Epwarb, Brookline, Mass. (Age 31, b. Pacykow, Austrian 
Poland.) Graduate of Imperial and Royal Polytechnic Inst., Lemberg, 
Austrian Poland, 1907. During year 1903-4 (fifteen months) draftsman and 
estimator with Bureau of Highways and River Improvements, Austrian 
Government; worked during vacations with M.'of W. Dept., Austrian Goy- 
ernment Railroads; from Nov., 1907, to April, 1910, with Sanford E. Thomp- 
son, cons. engr., as assistant engr.; from April to Aug., I910, designer with 
Corrugated Bar Co., St. Louis; from Aug., 1910, to March, 1911, with Ralph 
Modjeski, civil engineer, Chicago, IIl., chiefly on bridge design; from April, 
IQII, to Sept., 1912, assistant bridge engineer, Louisville & Nashville R. R.; 
from Sept., 1912, to date, designing engineer with S. E. Thompson. Refers 
to R. D. Bradbury, B.S: Brown, S. E. Thompson and J. R: Worcester. 


LIST OF MEMBERS. 


ADDITIONS. 

ATWA TER, TRATBE- Wire fae ot ae eee ee ee 1 Avon St., Somerville, : Mass. 
BaALsor, FREDERICK N......... .. 0. 221176 Cambridge St.; Cambridge, Mass. 
BARNES, JRODERICK: Srete diss odssOul ee minions 18 Federal Bldg., Albany, N. Y. 
BLACKMER, ARTHUR Ee oie aan rete ia og Town Engineer, Plymouth, Mass. 
Bussey, Byron C......... RN cee fr, oe 11 Star St., Pawtucket, R. I. 
Curtis, ALLEN. neti Sarda eed ne tees 132 Centennial Ave., Gloucester, Mass. 
GALLAGHER, JOHN P............)...........3 Green St., Watertown, Mass. 
GOODBED, PORN IVT Shs. een mais nile re 34 May St., Worcester, Mass. 
KIMBALL, HERBERT S...............+......111 Devonshire St., Boston, Mass. 
HOSMER, CHARLES cmt tice ee eee eee 54 High St., Turners Falls, Mass. 
Laney Haak y Boo crncs cen ieee 1307 Commonwealth Ave., Allston, Mass. 


Me ttor, ALFRED R., 


care Mass. Harbor & Land Comm., State House, Boston, Mass. 


RAND, ROBERT NC Mra ete Te el 220 Devonshire St., Boston, Mass. 
DBEARS;; WALTON: Fie itso dey Ree aie eee 60 Federal St., Boston, Mass. 
DIMONS).GRORGE Ws Aline age wcea teenie ee 63 Astor St., Boston, Mass. 
STARR, PORN Aas castes te ree eee ee 148 Irving St., Watertown, Mass. 
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Se US SQ as he a a 1 Ashburton Place, Boston, Mass. 
PCAN Cs OMe GEG cy ie Set ati oe 60 Federal St., Boston, Mass. 
WoLFe, CHRISTIAN F.!.....2 2... ......214 West Canton St., Boston, Mass. 
RiVeuEWG ARE Wes fi oe Bone 39 Greenleaf St., Malden, Mass. 


CHANGES IN ADDRESS, 


EXC ARER BEATE MES SSO. ves oc ee Dees err 11 Francis St., Newport, R. I. 
Ey MN EOS OWLANDE TL o> os. ck cea Ree els 93 Federal St., Boston, Mass. 
ARPS MIRE. GEORGE Aa yo... a Yen 55 High St., Pawtucket, R. I. 
PEE ag OA el Sage ee ee 34 Gramercy Park, New York 
FIELDING, WILLIAM J..................225 Ashmont St., Dorchester, Mass. 
Murry, ROUWARD T..-..........-..........-7 Hancock St., Boston, Mass. 
MESH NP CHER ELEN CR as Ss oes oo sic oe oe bso etate,t Resident Engineer, Union, Me. 
PETERS, ANTHONY W.. 2065.02. ce ogc eee se: 53 Lincoln St., Boston, Mass. 
[Ae a END ss eae ee eR ree 440 South Station, Boston, Mass. 
PEA CORRES 1 Core. oa hls os se 4ist St. and Park Ave., New York 
PREUBTEE N sO ROSE, Ug nC waco re 5 oh hes + 3 otha se 290 Lexington St., Waltham, Mass. 
Crees re CatRGsIs EIo ies ar eo ee eee ee Columbia Ave., Millville, N. J. 
SEs ES eT SS Fe eee 21 Temple St., Boston, Mass. 


EMPLOYMENT BUREAU. 


THe Board of Government maintains an employment 
bureau for the Society, to be a medium for securing positions 
for its members and applicants for membership, and also for 
furnishing employees to members and others desiring men capa- 
ble of filling responsible positions. 

At the Society room two lists are kept on file, one of posi- 
tions available and the other of men available, giving in each 
case detailed information in relation thereto. 


MEN AVAILABLE. 


284. Age 23. Graduate of Mechanic Arts High School, 1908; student 
in civil engineering course, International Correspondence School. Has 
had six years’ experience with Aspinwall & Lincoln, Boston, as rodman, 
transitman ‘and, for about two years past, as surveyor; has thorough knowl- 
edge of calculation. Desires position as transitman or surveyer. Salary 
desired, $15 per week. 

285. Age 32. Graduate of Univ. of Maine, 1904., Has had over 
ten years’ experience, mostly on construction work, including three years 
as resident engineer on hydro-electric construction, two years as resident 


8* BOSTON SOCIETY OF CIVIL ENGINEERS. 


engineer on irrigation work and three years on municipal work. Desires 
position along any of these lines. Salary desired, $125 per month. 

286. Age 27. Graduate-of Sheffeld Scientific School, Yale Univ., 
electrical engineering course. Has had three months’ experience in repairing 
shop of electrical department of Conn. Co., working mostly on motors, con- 
trollers, wiring of cars, lights, etc.; with General Electric Co., West Lynn, for 
short time in engineering course. Will accept any kind of electrical work in 
power station. Salary desired, $15 per week. 

287. Age 38. Graduate of Mass. Inst. of Technology, 1899. Experi- 
‘ence includes about one year as rodman and instrumentman with Brook- 
line Engineering Dept.; about ten years as draftsman, office assistant and 
assistant engineer with Metropolitan Sewerage Works; three years as assist- 
‘ant engineer in charge of business office and drafting-room at main office of 
Boston. Elevated Ry. Co.; one year of private practice, surveying, plotting 
and drafting; one year inspecting construction of sewers, drains and streets 
for Brookline Engineering Dept. Desires position in office or on drafting 
room work, especially one affording experience in reinforced concrete design 
with engineer or contractor in or near Boston. Salary desired depends upon 
nature of work. 

288. Age 30. Graduate of Toronto Univ. in mechanical and electrical 
engineering. Has had four years’ experience with B. & A. R. R., on drafting 
and outside construction of track layout and docks; three years with Stone & 
Webster Engrg. Corp’n, on drafting and designing. Desires work in me- 
chanical, electrical or general drafting and design. Salary desired, $25 per 
week, 

289. Age 29. Received degree of A.B. from Middlebury College, 
Vt., in 1908. Has had five years’ experience as land surveyor and has done 
some drafting; also worked short time as rodman, chainman and transitman 
with civil engineer in Clinton, Mass. Desires position as transitman, rod- 


man, draftsman or as general helper in an engineering office. Salary desired, 
from $12 to $18 per week. 


LIBRARY NOTES. 
RECENT ADDITIONS TO THE LIBRARY. 
U. S. Government Reports. 


Analyses of Mine and Car Samples of Coal Collected in 
Fiscal Years 1911 to 1913. Arno C. Fieldner and others. 

Annual Report of Director of Bureau of Mines for 1913-14. 

Geology and Oil Prospects in Waltham, Priest, Bitter- 


water and Peachtree Valleys, California. Robert W. Pack 
and Walter A. English. 
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Gold and Silver in 1913. H.D. McCaskev. 
Gold, Silver, Copper, Lead and Zinc in Idaho and Wash- 
ington in 1913. C. N. Gerry. 

Gold, Silver, Copper, Lead and Zinc in Nevada in 1913. 
V. C. Heikes. ; 

Some Deposits of Mica in United States. Douglas B. 
Sterrett. 

Mineral Products of United States in 1912 and 1913. Ed- 
ward W. Parker. 

Production of Natural Gas in 1913. B. Hill. 

Production of Petroleum in 1913. David T. Day. 

Sampling and Analysis of Coal. Arno C. Fieldner. 

Source, Manufacture and Use of Lime. Ernest F. Buchard 
and Warren E. Emley. 

Results of Spirit Leveling in Virginia, 1900 to 1913, in- 
clusive. R. B. Marshall. 

Stone Industry in United States in 1913. Ernest F. Burch- 
ard. 

Water-Supply Papers 326, 329, 345-G, 347, 366. 


State Reports. 
Maine. Report of State Board of Health for 1912 and 


1913. 
Massachusetts. Acts and Resolves of Legislature, Session 


of 1914. 


Municipal Reports. 
Baltimore, Md. Annual Report of Water Board for 1913. 
Chicago, Ill. Report on Industrial Wastes from Stock 


Yards and Packingtown, 1914. 
Providence, R. I. Annual Report of Public Works De- 


partment for 1914. 


Miscellaneous. 
American Sewerage Practice, Vol. II. Leonard Metcalf 
and Harrison P. Eddy. Gift of the authors. 
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American Society for Testing Materials. Proceedings for 
1914, Part II. Gift of L. C. Wason. 
Architekten-Fund Ingenieur-Verein zu Hamburg: Hamburg 
und seine Bauten, 2 vols. Gift of Desmond FitzGerald. 
Boston Water Works: Clippings, 1885-1893. Gift of 
Desmond FitzGerald. 
Capital. George L. Walker. 
(The) General Education Board: Account of Its Activities, 
1902-1914. 
Notes on Catenary Construction of New York, Westchester 
and Boston Railway. Sidney Withington. 
Universal Safety Standards. Carl M. Hansen. 
: LIBRARY COMMITTEE. 


Book REVIEWS. 


AMERICAN SEWERAGE PRACTICE, VOLUME I, DESIGN OF 
SEWERS, by Leonard Metcalf and Harrison P. Eddy; published 
by McGraw-Hill Book Co., Inc., New York, 1914. Cloth, 
6in. by 9in., 747 pages, 328 illustrations, 172 tables. $5.00. 


Reviewed by Frederic P. Stearns. 


The volume on the “‘ Design of Sewers ”’ is the first of three ~ 
volumes intended to cover the whole field of American sewerage 
practice, and, as would be expected from the high standing and 
large experience of the authors in connection with sewerage 
work of all kinds, is a thoroughly practical book for the use of 
engineers engaged upon such work. 

Too often books for engineers are written by those min have 
not had sufficient practical experience to enable them either to 
supply much original information or to use good judgment 
in compiling the results of the experience of others. This 
book, by contrast, shows throughout that the authors thoroughly 
understand their subject, that they are able as the result of their 
extended practice to furnish much original material, and that 
they have used good judgment in selecting from the practice 
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and experiments of others an immense amount of valuable 
material which has heretofore been scattered through engineer- 
ing journals, reports and society publications. 

One cannot fail to be impressed with the great amount of 
work involved in the preparation of the book, and readily accepts 
the statement in the preface that ‘“‘ the preparation of this book 
has demanded an amount of time and effort far in excess of that 
anticipated when the work was undertaken.” 

It is impracticable in a brief review to mention even the 
subjects of the many chapters, and if this were done they would 
not by themselves give an adequate idea of the breadth of 
treatment. All incidental questions which are likely to arise 
in designing sewers are discussed, and in addition many features 
are introduced to make it easier for the engineer in charge of a 
sewerage system to obtain records which will assist the sewer 
designers of the future. 

For instance, in the chapter headed “ Precipitation,” 
all kinds of automatic rain gages are discussed and illustrated, 
and samples of the automatic records made by the gages are 
given. There is a short discussion of clock movements and of 
the setting and exposure of gages; then many diagrams are 
presented showing the intensity of precipitation during heavy 
rains of varying lengths in all parts of the United States, and 
in conclusion the subject of the frequency. of heavy storms is 
discussed. 

The hydraulics of sewers are very fully treated in all 
branches, including many allied features such as minimum grades 
and the transporting power of water. Many diagrams are 
provided to facilitate computations. 

The chapters relating to the design of sewers and their 
many appurtenances have especial value, as the authors, by 
their researches and through the cooperation of other engineers, 
have obtained and illustrated a great number of examples of 
modern practice. This gives the engineer quick access to the 
designs of sewers and appurtenances which he could otherwise 
obtain only through a long search of reports and other engineer- 
ing literature, and to many others which have never been pub- , 


lished. 
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It is of interest to note that the authors in their preface 
acknowledge the cordial assistance of many other engineers and 
authors, and later state that “‘ the book is at least a monument 
to codperative effort and good-will among civil engineers.”’ 
In the introductory chapter they refer to the wonderfully rapid 
progress in sewerage and sewage disposal in recent years, and 
state that the reason for this ‘‘ will be found in that admirable 
spirit of good-will and codperation existing among American 
engineers.” 

The book is a generous contribution by the authors to the 
progress of sewerage engineering, as its general purchase by those 
interested in sewerage engineering obviously cannot compensate 
in a monetary way for the immense amount of labor and expense 
involved in its preparation. ° 


UNIVERSAL SAFETY STANDARDS, by Carl M. Hansen, M.E. 
“A Reference Book of Rules, Drawings, Tables, Formule, 
Data and Suggestions: for the Use of Architects, Engineers, 
Superintendents, Foremen, Inspectors, Mechanics and Students.” 
Compiled under the direction of and approved by the Work- 
men’s Service Bureau, New York. 


Reviewed by Edward F. Miller. 


The author has divided the subject into four general group- 
ings: I. General Safety Standards. II. The Machine Shop. 
III. The Foundry. IV. Rules for Practice. 

Under General Safety Standards, such items as fire 
protection, design of stairs, safeguarding elevator openings and 
hatchways, safety devices for locking elevators, means for pre- 
venting overspeeding of engines, guards for power generating 
and power transmitting apparatus, boiler and main stop valves, 
care of dangerous gases, vapors, etc., have been treated. 

Part II takes up in detail the methods of protecting the 
operation of machine tools and of the allied equipment in general 
use in large machine shops. 

Part III treats with the same detail the protection of men 
working in a foundry. 


Part IV in concise, clear wording gives in seven pages 
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“ Rulés’” for ‘use of an operative in safeguarding himself from 
accident. 

Parts I; II, III contain 206 pages of cuts sine the 
various devices which may be used in protecting the operatives. 
This book through its illustrations will be found helpful 
to the owner of a-shop or factory-where there. is machinery to 
be safeguarded, as well as to the ee who may be installing 
machinery. 

After looking at the 5 pene of. guarding to be 
seen on some of the cuts.of machine tools one wonders why the 
makers of these tools have not before this considered the pro- 
tection of the operative. 


NEW ENGINEERING WORK. 


(Under this head a brief description of new engineering work contem- 
plated or under construction will be presented each month. Engineers and 
contractors are requested to send descriptions of their work ‘to the Secretary, 
715 Tremont Temple, Boston, before 1st of each month.) 


United States Government. — Navy DEPARTMENT. — Navy 
Yard, Boston. — A slip for ship construction is being built. 


Commonwealth of Massachusetts. — METROPOLITAN WATER 
AND SEWERAGE BOARD. — Water Works. — The tunnel. and pipe 
line under.Chelsea Creek, about 800 ft. above Meridian, St. 
bridge, has been completed and is now. in service. Work.is. in 
progress. on is removal of the two “kes See ay: pipe lines 
formerly used. ett ern 

Sewerage Works. — The new . screen tawe: at. es East 
Boston piaspiE Station is the cy uy woke now aides construc- 


tion. . “3 
Ce ore Pik Commussta. 41fEhen laos serous 


' 


is in progress:. «- . pars oe! 

Charles River feeseriiion. — / Plans” are: ’ puis prepared for 
construction of reinforced: concrete and. stone,,masonry;,arch 
bridge over the Charles River at North Beacon lh x Boer ane 


Watertown. =» 5 en as Sa bry anda ete Ted ah 
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Middlesex Fells Parkway. — Reconstruction of burned por- 
tion of Wellington Bridge. 

Winthrop Shore Reservation. — Constructing sea wall at 
northerly end of reservation. 


Boston Transit Commission. — Dorchester Tunnel. — The 
Dorchester Tunnel is substantially completed from Tremont 
St. to the westerly side of Dewey Square, with the exception 
of the interior finish in the Washington station, which extends 
from Washington to Chauncy St. The work of finishing the 
station is nearing completion. 

Section D includes a station under Dewey Square and 
about 450 ft. of tunnel under Summer St. east of the station. 
Work is now in progress on both station and tunnel. The Hugh 
Nawn Contracting Co. is the contractor. 

Section E includes two single-track circular tunnels which 
will extend from near the junction of Summer St. and Dorchester 
Ave. under Fort Point Channel and private property to a point 
near Dorchester Ave. between West First and West Second 
Sts., South Boston. These tunnels will be driven by means of 
shields and with compressed air. Work has begun on the main 
shaft in West First “St. P. McGovern & Co. are the con- 
tractors. 

Enlargement of Park Street Station.——- A brief description 
of the work for the enlargement. of Park St. Station was given 
in the December issue of this Journal. The work is now nearly 
completed. There yet remains to be done the work of lowering 
parts of the platforms of the old station, the completion of the 
interior finish on the walls and ceiling of the enlargement, and 
a few minor details. Coleman Bros. are the contractors for 
building the enlargement. 

East Boston Tunnel Extension. — Northwesterly of Corn- 
hill, extending to North Russell St., the tunnel has been com- 
pleted with the exception of the station finish, stairways, en- 
trances and exits. In Court. St., between Franklin Ave. and 
Cornhill, the sidewalls of the tunnel have mostly been built. 
The invert of the East Boston Tunnel is being removed and the 
earth underneath excavated to the new grade. The steel 
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columns and beams are being set. to support the old roof which 
is to remain in place. 


City of Boston. — Pustic Works DEPARTMENT, HIGHWAY 
Division, PAvING SERVICE. — Work is in progress on the fol- 
lowing streets: 

Spring Street, between Gardner and Webster streets, excavating and grading. 


Temple Street, between Spring to Ivory streets, excavating and grading. 
Deering Road, between Blue Hill Avenue to Harvard Street, excavating and 


grading. 
Seaver Street, between Walnut and Humboldt avenues, excavating and grading. 
East First Street, sea wall. 


PuBLic WorKs DEPARTMENT, SEWER AND WATER Division, 
SEWER SERVICE. — The following work is in progress: 

Union Park Street Pumping Station, South End. — Installing 
suction and discharge pipes. 

Beach Street at Lincoln Street, City Proper. — Reinforced 
concrete sewer replacing old wooden sewer. 

Milton Street, Hyde Park. — Ejector station, ready to be 
tested January 27. 

Davenport Brook Conduit. — Dorchester; in progress. 

DIRECTORS OF THE Port oF Boston. — Bulkheads. — 
Work is in progress under this contract and the work is now about 
95 per cent. completed. 

Dredging. — The dredging of the Reserved Channel in 
South Boston easterly from the L Street bridge is in progress 
under two contracts, making a channel with 30 ft. of water at 
mean low water and a width of 300 ft. The suction dredge 
Tampa is discharging filling into the bulkhead on the south 
side of the dry dock site. - 

Designing. — Studies are being made for the comprehensive 


development of the port. 


New York, New Haven & Hartford Railroad. — CLINTON, 
Mass. — Elimination of Grade Crossings.— New passenger 
station has been put into service, practically completing the 
elimination of grade crossings. 
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The Fore River Shipbuilding Co., Quincy, Mass., has the 
following work in progress: 

U.S. Battleship Nevada. 

Eight U. S. submarine boats. 

U. S. Torpedo Boat Destroyers Cushing, Tucker and Nos. 
63 and 64. 
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THE ECONOMIC DEPTH OF TRICKLING FILTERS. 


By Harrison P. Eppy, PRESIDENT, Boston Society oF CIVIL 
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(Presented before the Sanitary Section, December 9, 1914.) 


IN a paper entitled ‘‘ Economics of Sewage Filters,’’ pre- 
sented to the recent convention of the American Society of 
Municipal Improvements by George W. Fuller, M.Am.Soc.C.E., 
the author presents certain theories and computations relat- 
ing to the economic depth of trickling filters. He concludes 
with the following statement: ‘‘ Taking everything into account, 
the writer believes that a sprinkling filter bed of not less than 
6 ft. and not more than 7 ft. will, in a great number of cases, 
prove the most economical to use.” 

Mr. Fuller’s paper is interesting as it touches upon one of 
the problems which has caused much perplexity in the minds of 
engineers designing sewage treatment plants. In connection 
with the design of the trickling filters for the city of Fitchburg, 
Mass., the writer made a study of the results obtained by the 
operation of various experimental and practical trickling filters. 
At the conclusion of this study, the evidence seemed to point 
more strongly toward the confirmation of the conclusions of the 
Royal Commission to the effect that the capacity of trickling 


Nore. A discussion of this paper is printed elsewhere in this number of the JOURNAL. 
Further discussion is invited, to be received by Edward C. Sherman, Editor, 6 Beacon 
Street, Boston, before April 15, 1915, for publication in a subsequent number. 


49 


50 BOSTON SOCIETY OF CIVIL ENGINEERS. 


filters is substantially proportional to their cubic contents, re- 
gardless of depth, rather than toward those of Mr. Fuller. 

It is quite remarkable that, of all of the experimental 
filters which have been operated in this country, there seems to 
have been no group of filters of equal areas and different depths 
which have been operated by applying the greatest quantities 
of sewage which could be treated and produce effluents of prac- 
tically uniform quality. 

A majority have been operated to show the effect upon the 
degree of purification of the depth of stone with the same quantity 
of sewage per unit of surface area instead of per unit of volume 
of filtering medium. It is very hard to draw reliable conclusions 
as to the economic depth of filters from varying degrees of puri- 
fication obtained by means of filters of various depths. On the 
other hand, the relative merits of the deep filter over those of 
the shallow filter could have been determined readily if the 
filters had been dosed with the quantities of sewage per cubic 
yard of filtering material which would have produced effluents 
of substantially equal quality. 

However, it is possible to select certain of the trickling 
filters, the results of the operation of which can be compared 
with some accuracy, to throw light upon this question. 

Under ordinary conditions the load upon the filter can 
perhaps be most readily determined if computed in terms of 
grams of nitrogen per cubic yard of filtering material. These 
figures can be converted into number of persons served per cubic 
yard of material by assuming a given quantity of nitrogen per 
person as 15 grams per capita of unoxidized nitrogen, including 
free ammonia and total organic nitrogen. Such a comparison 
of the operating results of a number of trickling filters can be 
made from data given in Table 1. 

The Gloversville experiments given in this table indicate 
that the 1o-ft. filter, although treating a greater quantity of 
nitrogen per cubic yard, produced nearly as good an effluent 
as the 7-ft. filter and a better effluent than the 5-ft. filter. 

The Worcester experiments indicate a similar result, and at 
times the 10-ft. filter was producing a stable effluent at higher 
rates per cubic yard than the shallower filters. 
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The experiments made at Lawrence, Mass., and given in 
Table 1, also indicate the same results, that up to a limit of 
depth of 10 ft. the capacity of a trickling filter is directly pro- 
portional to its depth. 

There may be a greater tendency to pooling with the deep 
filter on account of the greater quantity of sewage applied per 
unit of superficial area and a slightly less circulation of air; but, 
on the other hand, the deep filter may have some advantage 
because of the lessened effect of low temperatures of winter in 
severe climates, and a smaller surface area from which odors 
are likely to be given off. 

From the foregoing it seems that there is at least as good 
ground for assuming that a filter 10 ft. in depth will do as much 
work per cubic yard of stone as one 6 ft. in depth, as there is for 
Mr. Fuller’s assumption that the unit capacity of a filter de- 
creases with its depth in 6-, 8-, and 10-ft. beds. The impor- 
tance of this difference in assumptions is very great, as will be 
shown by a comparison of the cost of filters of various depths. 

In making such a comparison, it would seem to be more 
accurate to vary the cost of the walls according to their length 
and height, rather than in proportion to the cubic yards of stone 
contained in. the filter, as was done by Mr. Fuller. The differ- 
ence, however, is not great. 

In computing the comparative costs of the distribution 
system, Mr. Fuller assumed that they vary only according to 
the quantity delivered and that they must be the same per cubic 
yard for all effective depths. It seems to the writer that this 
is a wrong assumption and that the distribution system is much 
more likely to vary in proportion to the area of the filter. 

The comparative costs of filters from 6 to ro ft. deep (the 
10-ft. filter computed by the writer), based upon Mr. Fuller’s 
assumptions and those of the writer, are given in Tables 2 and 3, 
the unit prices being those adopted by Mr. Fuller. 

The unit prices assumed in the paper are extremely low, 
and it may be of interest to make similar computations based 
on the prices actually bid for the construction of the sewage 
treatment works at Fitchburg, Mass., which have just been com- 
pleted. Such comparisons figured by the methods proposed by 
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TABLE 2. 


RELATIVE Costs OF TRICKLING FILTERS OF DIFFERENT DEPTHS. By GEORGE 
W. FuLuer.* 


CosT PER EFFECTIVE Cu. Yb. 


Depth of stone in feet................ 6 7 8 10 
Floor at $0.40 per cu. yd. for 6-ft. bed... $0.40 $0.35 $0.32 $0.29 
PidletnEL1O pen Staite. Cho cc. sat aes 49 44 -40 36 
Walls at cost $0.17 per cu. yd. for 6-ft. 
cod os Ce a tr ni, ay, .18 20 
Galleries and collectors at $0.25 per cu. 
Naetor Gen tenths coe. od anh was: 25 .22 20 .18 
Distribution at $0.50 percu. yd., same 
for all effective depths per cu. yd.... 50 50 .50 .50 
Stone at $1.50 per cu.yd.............. 1.50 1.55 1.60 1.83 
USE ESS AS selec Fetes $3.31 $3.23 $3.20 $3.37 
Note: Fuller assumes relative value of stone per cubic yard to be as follows: 
Depth of bed........ 6 ft. «fi fe; cot: to ft. 12 ft. 
WEIS. Kee ieee becktals «tc I.0 0.07 0.94 0.92 0.82 0.63 


In computing relative costs, the unit costs for 6-ft. filter are decreased where necessary, 
in proportion to the volume of the deeper filters, and divided by the above factors. 


TABLE 3. 


Cost OF TRICKLING FILTERS OF VARIOUS DEPTHS PER EFFECTIVE Cu. YD. 
By Eppy’s METHop, BASED ON FULLER’sS PRICES. 


Wenth or stones tect. 246s. sees 6 7 8 10 
Relative value of stone percu. yd...... 1.0 1.0 1.0 1.0 
Relative volumes of stone............ 1.0 1.0 1.0 1.0 
Relative areas of filtering surface....... 1.0 0.857 0.75 0.60 
Relative extent of walls (area)......... 1.0 1h ey ses 1.29 
Floor at 40c per cu. yd. 6-ft. filter...... $0.40 $0.34 $0.30 $0.24 
Mitleae BIC Pel Sie flei nc yc e cece ens 2 .49 44 40 .30 
Walls at 17c per cu. yd. 6-ft. filter..... DY .19 .20 PE 
Galleries and collectors at 25c per cu. 

ie Osten et pt che oe or emi 2 a8. 25 21 .19 15 
Distribution at 50c per cu. yd. 6-ft. filter,  .50 43 38 30 
Stone at $1.50 per cu. ¥d............. 1.50 1.50 1.50 1.50 

ale R oi crc’ ocak es $3.31 $3.11 $2.97 $2.77 


Note: In computing this table the unit costs of a 6-ft. filter are decreased where necessary, 
in proportion to the quantity, as of floor area per cubic yard of stone, and divided by Fuller’s 


factors. 


Mr. Fuller and the writer, respectively, are given in Tables 4 
and 5. From these figures it will be seen that whereas on Mr. 


* Computations relating to filter 10 ft. deep made by writer. 
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Fuller’s assumption the price per effective cubic yard varies 
relatively little, from $4.33 to $4.56, when computed on the 


TABLE 4. 


Cost oF TRICKLING FILTERS OF VARIOUS DEPTHS PER EFFECTIVE CU. YD., 
By GEO. W. FuLLER’s METHOD BUT BASED ON FITCHBURG PRICES. 


Depthiof stoneda)ftysceew eee ae 6 qi 8 10 
Relative value of stone per cu. yd...... 1.0 0.97 0.94 0.82 
Relative volumes of stone...........- 1.0 1.03 1.06 F.22 
Relative areas of filtering surface...... 1.0 0.88 0.80 0.73 
Floor at $1.30 per cu. yd. for 6-ft. filter 

Varies as area axdancetem neha oes $1.30 $1.14 $1.04 $0.95 
Walls at 144c per cu. yd. for 6-ft. filter 

(varies as volume of stone)......... 15 15 “15 .18 
Underdrains and gallery at 34c per cu. 

yd. 6-ft. filter (varies asarea)....... 34 30 .27 25 
Distribution at 80c per cu. yd. 6-ft. filter 

(CONnStAnE) Satna een Ce ee .80 .80 .80 .80 
Stone at $105 pen cu vasa eee eae: 1.95 2.01 2.07 2.38 

Total sch ktity atc de rh erent eee $4.54 $4.40 $4.33 $4.56 

TABLE 5. 


Cost oF TRICKLING FILTERS OF VARIOUS DEPTHS PER EFFECTIVE CU. YD., 
BY Eppy’s MreTHop BASED ON FITCHBURG PRICES. 


Depth of stone in feet. ..2. ci weenie ¢ 6 7 8 10 
Relative value of stone per cu. yd...... 1.0 1.0 1.0 1.0 
Relative volumes of stone............ 1.0 ‘I.0 1.0 1.0 
Relative areas of filtering surface...... 41:0 0.857 0.75 0.60 
Relative extent of walls (area)......... 1.0 ree: 1.15 1.29 
re at $1.30 per cu. yd. 6-ft. filter 
Varies aS. areal) Sas ceere streams hee $1.30 $1.11 $0.98 0.78 
Walls at 143c per cu. yd. 6-ft. filter : ‘~ 
(varies‘asi walls) ctecwen: care ec 15 cE7 SG, -19 
Underdrains and gallery at 34c per cu. 
yd. 6-ft. filter (varies as area)........ x) .29 26 .20 
Distribution at 80c per cu. yd. 6-ft. 
filteri(vatiesas ares) saa ee epee 80 .69 .60 .48 


Stone at $1.95 per cu. yd. (varies as 
VOlUTE7OL SLONE) Mere ie Cee reece 1.95 1.95 1.95 1.95 


Me eee he eae a ee $4.54 $4.21 $3.96 $3.60 


assumptions made by the writer the differences are substantial, 


the range in price being from $3.60 for the 10-ft. filter to $4.54 
for the 6-ft. filter. 
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This may be presented in a somewhat more effective manner 
by applying the prices to filters of varying depths, capable of 
doing the same work as a filter one acre in area and 6 ft. deep. 
These computations are given in Table 6, from which it appears 


TABLE 6. 


Cost OF TRICKLING FILTERS OF VARIOUS DEPTHS TO DO THE WorK 
OF 1 AcRE, 6 FEET DEEP. 


(Assume filters square in plan.) 


Depth of stone in feet............... 6 7) 8 10 
Relative value of stone per cu. yd. 

TS a See ee th ieee et 1.0" 1.0 1.0 1.0 
Relative volumes of stone............ 1.0 1.0 1.0 1.0 
Relative areas of filtering surface. ..... 1.0 0.857 0.75 0.60 
Relative extent of walls (areas)........ 1.0 1.12 1.15 1.29 
Floor system at $2.60 per sq. yd....... $12 580 $10780 $9440 $7540 
Walls at $2.00 per sq. yd. (718 sq. yd. 

SiS tle eo ee =e I 436 1 608 I 650 1 852 
Underdrains and gallery at 684c per sq. 

van Bee) See = ee ae GATS 2 840 2 480 1 988 
Distribution system at $1.60 per sq. yd. 

aca Oe Sie CE Se pean 7773 6666 5830 4666 
Stone at $1.95 per cu. yd.s...:+--.---- 18880 18880 18880 18 880 


Total, exclusive of engineering and 
ExCa vation: - 2.42% - 6s eM ea $43. 984 $40774 $38280 $34 926 


that a filter 10 ft. deep need have an area but six tenths as great 
as that of a filter 6 ft. deep. It is, therefore, to be expected that 
the cost of floor system, underdrains, galleries and distribution 
system will be materially less in the case of the deeper filter, 
while the cost of the walls for the deeper filter will be increased. 
If the assumptions upon which these computations have been 
based are correct, the cost of a filter 10 ft. in depth, to do the 
work which could be accomplished by a filter one acre in area 
and 6 ft. deep, will be $34 926, whereas the filter 6 ft. deep would 
cost $43 984. The reduction in cost, therefore, amounts to 
slightly over 20 per cent. Ail of these computations are ex- 
clusive of excavation. 

It is unfortunate that there are no better data upon which 
to predicate an assumption as to the relative capacities per 
cubic yard of filtering media in deep and shallow filters. There 
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can be no doubt that there is a practical limit to the economic 
depth of trickling filters. This limit will vary according to local 
conditions and must be computed for each case. There seems 
to the writer, however, much evidence that up toa certain limit, 
which in most cases where municipal sewage is to be treated will 
be as high as 8 or 10 ft., the capacities of the filters will be 
approximately uniform per cubic yard of filtering material. 

This brief paper is presented with a view to pointing out 
the importance of the difference between the two theories de- 
scribed, with a hope that some one will have an opportunity to 
carry out for a considerable period of time a series of experi- 
ments to determine the point at issue. Conclusions as to the 
efficiency of filters— particularly deep ones— must not be 
based upon too short periods of operation, for it takes consider- 
able time for a deep filter to become thoroughly seeded through- 
out its depth, and until it does it cannot do its normal amount of 
work. 


Since preparing the foregoing paper the writer’s attention 
has been directed to a reprint from the Forty-fifth Annual Re- 
port of the Massachusetts State Board of Health, recently 
issued for distribution. In this report, Messrs. H. W. Clark 
and Stephen DeM. Gage describe the beginning of an experi- 
ment to determine the ‘relative rates necessary to obtain 
effluents of equal quality from trickling filters of different depths.”’ 
This experiment appears to be exactly in accord with that sug- 
gested in the foregoing discussion. These filters are 4, 6, 8 and 
10 ft. in depth, respectively, and the results at the end of the 
period covered by the report — May 1, 1913, to December 1, 
1913 — appeared to indicate that the deeper filters had a capa- 
city per cubic yard at least equal to, if not greater than, the 
similar capacities of the shallower filters. The results of the 
past year (1914) will prove of great interest and, in the writer’s 


opinion, of distinct value as furnishing reliable information 
upon this important subject. 
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(Presented before the Sanitary Section, December 9, 1914.) 


THE maximum results in efficiency of purification and 
volume of sewage purified in trickling filter sewage purification 
are obtained when the filter is of considerable depth and is con- 
structed of comparatively fine material. There is undoubtedly 
a maximum depth beyond which the additional efficiency ob- 
tained is not commensurate with the additional cost of con- 
struction, and which interferes with filter aération, and a mini- 
mum depth below which economical rates of filtration cannot 
be maintained. In céordination with the depth, a filtering 
material should be selected that will have the greatest efficiency 
at that depth when the filter is operated at economical rates 
and yet be coarse enough to preclude clogging of the filter and, 
if possible, surface pooling. 

During a period of sixteen years, broken stone trickling 
filters have been operated at Lawrence, constructed with depths 
of material varying from 4 to Io ft. and with stone varying from 
I in. to 6 ins. in diameter. The rates of operation have varied 
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from 250 000 to 10 000 000 gals. per acre daily. Three of these 
filters, 5, 8 and ro ft. in depth and operated for periods of five, 
eleven and- fifteen years, respectively, gave average rates and 
results during these periods of operation shown in the following 
table. 


TABLE tI. 
Period of Average Rate. Nitrates. Pereentace 
i No. | Depth. Operation. (Gallons per Acre (Parts per ‘lity’. 
Filter No ( Ft) (ves) Daily.) Taencasl of Stability 
"247 5 5 I 465 000 0.97 44 
248 8 | eee I 630 000 1.00 90 
135 10 15 2 000 000 2.10 99+ 


These three filters, used for various studies of trickling 
filter purification, received at different times sewage of varying 
strength, and hence the results in regard to purification and 
stability of effluents are not strictly comparable with their rates 
of operation. However, the table shows that with the sewage 
applied, the 5-ft. filter was operated at a rate altogether too high 
to obtain suitable stability of effluent, that the 8-ft. filter gave 
fairly satisfactory results even at the high average rate maintained 
and that the 10-ft. filter could have been operated at a much 
higher rate and still have produced a stable effluent. 

On May 1, 1913, four new trickling filters were put into 
operation at the station to study this point; namely, to deter- 
mine at what rates filters constructed of different depths and of 
the same material must be operated in order to obtain effluents 
of equal quality. Each of these filters is constructed of pieces 
of broken stone between 2? in. and 1 in. im size. Filter No. 
452 is 4 ft. in depth; Filter No. 453, 6 ft.; Filter No. 454, 8 ft.; 
and Filter No. 455, 10 ft. The sewage applied to each has been 
clarified by sedimentation. We have attempted to operate 
each filter at such a rate that the effluents will contain about 
1.5 parts nitrates per 100 000, this being the amount of nitri- 
fication which previous experience at the station has shown to 
be necessary in order to insure stable effluents in trickling filter 
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purification. Each filter was operated at first at a rate of 
I 000 000 gals. per acre daily. On August 15, 1913, the two 
deep filters — Nos. 454 and 455 — were producing well-nitrified 
effluents, and the rate of each was increased to 1 250 000 gals. 
per acre daily. As the two shallow filters had not up to this 
time given satisfactory results, the rate of No. 452, the 4-ft. 
filter, was reduced to 500 000 gals., and that of No. 453, the 
6-ft. filter, to 800 000 gals. per acre daily, and later to 140 000 
and 200 000 gals. per acre daily, respectively. Even at these 
low rates, however, the effluents from these two shallow filters 
did not average up to the required standard of stability and 
nitrification. Nitrification in the deep filters continued to 
increase, and during October and the early part of November 
the rate of the 8-ft. filter was gradually advanced to 2 000 000 
gals., and that of the 10-ft. filter to 2 500 000 gals. per acre daily. 

The average rates of operation and analyses of the effluents 
from these filters during this first year are given in the following 
table. In this table the percentage of stability given to the 
effluents of the shallow filters is due to the fact that during a 
considerable portion of this period they were being operated 
at rates much lower than the averages given in the table. 


TABLE 2; 
AVERAGE ANALYSES OF EFFLUENTS. 


(Parts per 100 000.) 


$ : be oe 
= | Quantity Ammonia, Albuminoid. e 8 sg is 3 
Filter x Applied. ns 5 Ff EE Ee a 
No. 2 | Gallons per = In 4 s & zg 8 3 
a Acre Daily. Free. Total. | Solution. rs) Z A £6 
452 4 637 100 | 1.4083 | .2858 | .1947 | 14.33 | 1.08 | 1.98 83 
453 6. 798 000 | 1.3442 | .1958 | .1467 | 14.23 | 1.04 | 1.37 go 
454 8 | 1231 300 | 0.9542 | .2168 | .1560 | 14.14 | 1.53 | 1.65 99+ 
455 10 | 1 355 300 | 0.9833 | .2533 | -1773 | 13-87 | 1.85 | 1.89 99+ 


Early in 1914 these filters reached a condition of equal 
biological activity and it was possible to so adjust their rates 
that practically equal effluents were obtained, and the results 
for this year are shown in Table 3. 
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TABLE 3. 


AvERAGE CHEMICAL ANALYSES OF EFFLUENTS FROM DECEMBER, 1913, TO 
SEPTEMBER, 1914, INCLUSIVE. 


(Parts per 100 000.) 


; Poet : Nit: : x) 
é Sitiegey Ammonia, Albuminoid. dj LULOESHEAS ge g a 
é Applied. % a g we, $s 
og cele ber : 2 ~ s & 2 54 
5 " n ce 3 ° hae) 
& pee see, Free. Total. | solution. o 3 = 6) é n 
452 332 700’ | 1.8600 | .3050 | .2006 | 13:20 | 1.63 | .0065 |° 1.89 85 
453 585 100 |,1.2900 |,.2950 | .1796.| 13.30 | I-81 _| .0128 | 1.79 gI 
454 | 1 801 000 | 1.3575 | -3715 | .2292 | 12.98 | 1.66 | .0126 | 2.17 88 
455 | 3.733 000 | 1.7275 | .3900 | .2616 } 13.48 | 1.76 | .0081 |- 2.38 85 


Table 4 is of interest in showing the lower nitrification and 
stability of effluent of the two shallower filters when operated 
at rates considerably higher than the yearly average. 


TABLE 4. 


AVERAGE CHEMICAL ANALYSES OF EFFLUENTS FOR Two MONTHS WITH 
HIGHER RATES OF FILTRATION. 


(Parts per 100 000.) 


. —d 
: ) A i inoid. = Nitrogen as 5 SG 
3 Quantity mmonia, Albuminoid Lg e o> 
a Applied. ee g a & E $5 
5 Ere a 3 S 2g ke 24 
a cre Daily. In g = o 
fe Free. | Total. | solution. ~ = 3 Ss} 5 a 
Ay 


452 524000 | 2.6250 | .3425 | .2320 | 13.00 | 0.94 | .0070 | 2.00 56 
453 | 721000 | 1.9500 | .3300 | .2200 | 12.70 | 1.21 | .0070 | 1.88 67 


CONCLUSIONS. 


All of these filters are constructed of comparatively fine 
broken stone averaging about one inch in diameter, and they 
are, of course, operated under ideal conditions; that is, under 
such supervision and. care as is almost impossible to actually 
duplicate in practice. This does not affect their comparative 
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results, however. Judging from these results, the deeper filters 
are much more economical than the shallower filters as they 
allow greater rates, foot for foot. The maximum average rate 
of filtration per foot of depth with filters of the depths studied, 
with equal nitrification and stability of effluent, during 1914, 
was as shown in the following table. In this table are also 
presented figures showing what probably will be the average 
rate of filtration per foot in depth with these filters after they 
have been in operation for a longer period. It is evident from 
these figures and those in Table 3 that the rates of filtration that 
can be maintained increase much faster than the depths. 


TABLE 5. 


GALLONS FILTERED PER ACRE DaILy PER Foot oF FILTER DEPTH, 
WITH EQuaL NITRIFICATION AND STABILITY RESULTS. 


According to Proba- 


According to ble Rates over a 
1914 Considerable 
Rates. Period. 
With a 4-ft. filter...... yi Oa ae Se Sone 85 000 100 000 
VEG AGS Teal ae oon oe ee ea ee 100 000 125 000 
\IESE TEC hye 11 Oe ea ere 225 000 200 000 
Vy CS eS (Oe To oe ee 370 000 300 000 


In Table 6, figures are given showing the actual increase in 
volume of sewage per acre that can be filtered daily for each foot 
in depth additional above six feet and above eight feet in depth; 
that is, judging from these 1914 results. Moreover, studying 
certain previous work with trickling filters at Lawrence, this 
remarkable increase of efficiency in rate purification of the 
deeper filters seems to hold true. 


TABLE 6. 
in i Rates of Filtration Gallons per 
a pate for Each Foot. Acre Daily. 
Above 6 ft. in depthies.-. 0.2220 ss sece eas 550 000 
AOVETS fe iMG DELI eat ieie <0 o1e Aa cee - aut ns «al 750 000 
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DISCUSSION OF THE ECONOMIC DEPTH OF 
TRICKLING FILTERS. 


Mr. GEORGE W. FULLER (by letter). — The writer has read 
with keen interest the paper of Mr. Eddy upon the ‘‘ Economic 
Depth of Sprinkling Filters ’’ and has noted in particular the 
position taken that there is much evidence to show that up to 
a certain limit, in most cases as high as 8 or Io ft., the capacities 
of filters of this type will be approximately uniform per cubic 
yard of filtering material. From this deduction it follows that 
economically it is preferable, where the head is available, to 
build sprinkling filters of greater depth than the 7-ft. limit 
suggested in an earlier paper by the writer on the ‘‘ Economics 
of Sewage Filters,’’ presented last October before the American 
Society of. Municipal Improvements. 

The writer agrees with the majority of the points set forth. 
by Mr. Eddy. It goes without saying that the conclusions 
should and would be identical if the premises were the same.: 
The writer based his views partly on general observation of. 
European and American filters on a practical scale, but more 
particularly upon the data from experimental filters at Balti- 
more and the results obtained from the first large sprinkling 


filter on a working scale in this country at Reading, Pa. Mr. 


Eddy bases his views upon data from Gloversville, Worcester 
and Lawrence, but with a different yardstick for measuring 
relative efficiencies. og 
There is agreement on the proposition that this question, 
63 


64 BOSTON SOCIETY OF CIVIL ENGINEERS. 


is an important one and that the available data of a directly 
comparable nature are very meager and, in fact, almost lacking 
save for the interesting small-scale tests at Lawrence, conducted 
for a fairly short period, as outlined by Mr. Clark. The writer 
also agrees that this question is one for detailed study on each 
large project and that the conclusions deduced for one project 
are not necessarily correct for another problem under different 
local conditions. 

Our comments after re-reading the original paper and 
Mr. Eddy’s discussion thereof are as follows: 


PREVAILING PRACTICE. 


Within the range of the writer’s observation the vast 
majority of sprinkling filters have a depth ranging from about 
5 ft. to 8$ ft. Exceptions to this range are to be found for 
deeper filters in the case of very coarse material called by the 
Germans “‘ fist size’’; or with very fine material, such as noted 
in the shallow beds of fine saggars at Hanley, England. Ex- 
cepting Mr. Eddy’s important project at Fitchburg, Mass., most 
of the recent sprinkling filters in this country have been based 
on a depth of 63 to 7 ft. There are a few with shallower depths, 
necessitated by local conditions as to available head, such as at 
Schenectady, N. Y. The 8}-ft. beds at Baltimore were occa- 
sioned largely by the desire to get a removal of bacteria some- 
what greater than ordinarily had been the experience with 
shallower beds elsewhere. 

The writer attaches much importance to the fact that the 
sprinkling filters at Reading, Pa., have required progressively 
the installation of additional units, due to the existing ones 
receiving as high a load as could be safely carried without un- 
reasonable pooling and clogging at the surface. In other words, 
if the beds were materially deeper, it does not seem likely that 
any more sewage could have been rendered non-putrescible, 
although it is granted that a higher degree of nitrification would 
have been found in the effluent. It is realized, however, that 
this deduction is not necessarily decisive on broad lines, because 
with the elimination of some of the finer particles of the Reading 
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filtering material the clogging factor would have been somewhat 
reduced. 

Speaking generally, the Fitchburg design and the teach- 
ings of the experiments as described in Mr. Eddy’s discussion 
point to a departure from what might be called normal practice, 
and it is believed to be fair to point out that while the data are 
admittedly incomplete, the burden of proof rests with those 
making the departure from prevailing practice. Particularly 
is this so, as the data of Mr. Eddy are at variance with those 
from Baltimore, as given by the writer, and those from Hanley 
and Leeds, England, as summarized by Kinnicutt,. Winslow 
and Pratt.* 


DURATION OF TESTs. 


Mr. Eddy is correct in pointing out that this is an item of 
much significance. Nitrification in the lower portions of deep 
beds is probably not established until some time after the filter 
is put in service. On the other hand, surface clogging does not 
develop until the plant has been in service for some time. 

Uniformity of distribution of sewage is another item of 
importance. It is influenced by surface clogging to some extent, 
but it is true that deeper beds have a steadying influence on 
distribution which is more marked than in the case of shallow 
beds, other things being equal. 

These comments are made in particular to point out that 
too much weight should not be given to the results obtained 
from small-scale tests of relatively short duration. 


COMPARISON OF EFFICIENCY. 


The inadequacy of the yardstick for measuring the rela- 
tive efficiency of sprinkling filters of different depths is one of 
the chief factors in causing discordant data and varying con- 
clusions to be drawn thereform. It is one of the differences 
between the writer’s comments on the Baltimore data and the 
statements of Mr. Eddy concerning the Gloversville, Wor- 
cester and Lawrence data. The writer has dealt with relative 


*** Sewage Disposal,’’ page 332. 
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stability and oxygen-consumed results, whereas Mr. Eddy has 
measured the work accomplished by the percentage of samples 
showing the effluent to have been stable. The strength of 
the sewage he has measured in terms of unoxidized nitrogen, 
including free ammonia and organic nitrogen. 

The uncertainties attending this method of rating the 
_ work accomplished may readily disguise the well-known fact 
that the upper portions of the filters generally do more work 
than the lower portions. This latter statement is based partly 
upon the results of inspection showing a greater detention of 
organic matter and zoogloea which, so long as aération is ample, 
we have beert taught to believe promotes biochemical activities 
accomplishing purification to a greater extent than is effected 
by passing over the cleaner stone in the lower portion of the 
filter. This may not be true as regards complete nitrification, 
but it is believed to be so so far as freeing the sewage of pu- 
trescible organic matter is concerned. It is generally supported 
by the Hanley and Leeds data, cited above. 


SIGNIFICANCE OF NITRIFICATION. 


- The Massachusetts data, especially those at Lawrence, seem 
to be interpreted as regards efficiency of coarse-grained filters, 
with a higher regard for nitrification than is true at many places 
elsewhere. Thus it is stated that the Lawrence filters were 
subjected to an operating schedule such as to cause the effluents 
to contain about I.5 parts per hundred thousand of nitrogen as 
nitrates. This is quite a different policy from that adopted by 
the writer. At Reading, Pa., for instance, as described in the 
writer’s book on “ Sewage Disposal,’ page 695, the sprinkling 
filter effluents were uniformly stable and did not on an average 
contain half as much nitrates as above-mentioned. Quoting 
again from the same book, it is noted on page 674 that the 
Plainfield filters contain only about one quarter as much nitrates 
as mentioned in the Lawrence procedure, although the effluents 
as a rule were non-putrescible. During the summer months 
the final effluent, undiluted, was occasionally putrescible, but 


this was rarely if ever the case during the eight colder months 
of the year. 


ECONOMIC DEPTH OF TRICKLING FILTERS. 67 


Attention here is directed to the fact that low nitrification 
in the sand filters at Lawrence during the winter of 1901-02 
accompanied non-putrescible effluents, as stated in the IQOI 
Report of the Massachusetts State Board of Health, page 308, 
and in the 1902 Report, page 214. 

Nitrates unquestionably promote the stability of the efflu- 
ents of coarse-grained filters, but where the effluent is well sup- 
plied with dissolved oxygen there are grave doubts in the mind 
of the writer as to whether it is economically practicable to 
design and operate a sprinkling filter so as to promote relatively 
high nitrification. 

Undoubtedly we are in need of more reliable means for 
measuring the practical results accomplished in removing the 
objectionable putrefying constituents of sewage. The “ Salt- 
peter Method for Determining the Strength of Sewages,’’ as 
presented in Dr. A. Lederer’s recent notes on this subject, may 
put a different aspect on these comparative studies. 


QUALITY OF SEWAGE. 


Undoubtedly the age, strength and character of the applied 
sewage are factors to be considered in dealing with the work 
accomplished by sprinkling filters. It is quite significant to 
the writer’s thought that the sewage applied to the test filters 
at Baltimore was very fresh sewage from a small suburban area 
immediately adjoining the station. The sewage at Reading 
and Plainfield is also relatively fresh. At Lawrence the sewage 
is stale and more or less advanced along the lines of anaérobic 
decomposition. This was true as described by the writer in 
the 1894 Report of the Massachusetts State Board of Health, 
page 459. This ‘‘staleness’ of the Lawrence sewage has quite 
likely increased rather than decreased in recent years. The 
sewages at Worcester and Gloversville are characterized by 
their mixture with trade wastes, and these may have been factors 
of substantial significance. 

The English data, quoted by Mr. Eddy to the effect that 
the work accomplished by sprinkling filters is substantially the 
same per volume of material, were presumably obtained with 
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stale rather than fresh sewage. Perhaps the long period of travel 
of the Lawrence sewage through the 4000-ft. length of gal- 
vanized-iron pipe may be a factor explaining the data pointing 
to a result different from the English conclusion and diametri- 
cally opposed to the data from Baltimore, Reading, etc. Lack 
of aération of the influent, such as furnished by sprinkler nozzles 
elsewhere, may be of ‘significance. 


RELATIVE PURIFICATION BY RoyvAL COMMISSION STANDARDS. 


In the absence of any definitely accepted method of com- 
paring purification effected by filters, the writer has had his 
staff study the use of the proposed Royal Commission method 
for this purpose. This method is not presented by its author, 
Dr. McGowan, as being at all conclusive, and it is based, of 
course, on a limited number of experimental data; nevertheless, 
it has the merit of being suitable for quantitative comparison. 
This Royal Commission method is an attempt to put in numerical 
form the various elements entering into the strength of a sewage 
applied to a filter and the effluent coming from a filter and, 
combining these figures for strength or oxidizability with the 
rate of dosing of the sewage, there is obtained a definite numerical 
purification figure which is said to be suited for comparative 
work. 

This method, originated by Dr. George McGowan, may be 
found in the Fifth Report of the Royal Commission on Sewage 
Disposal, on pages 16 and 107. Detailed information with 
the bases on which the formule used are derived may be found 
in the Fourth Appendix to the Fifth Report of the Royal Com- 
mission on Sewage Disposal, particularly pages 1 to 50. 

The oxidizability, which is called the strength of the sewage 
applied, is to be measured by the following formula: 


= (Ammon. N + Organic N) X 4.5 
ie (Oxygen absorbed in 4 hours) X 6.5. 


Nitrogen and oxygen are to be expressed in parts per 100 000. 
The strength of a filtered effluent is measured by Dr, Mc- 
Gowan. as follows: 
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Strength = (Ammon. N + Organic N) X 4.5 

+ (Vol. matter of suspended solids) x 2 

— nitric nitrogen X 3. 


The amount of purification effected, or, as expressed by 
Dr, McGowan, the unit of purification per cubic yard of material, 
is equal to the difference in strength between the influent and 
effluent, multiplied by the gallons of sewage per cubic yard of 
material treated per day. 

The theory on which these formule is based is that the 
so-called strength of either influent or effluent, as expressed by 
the formula, is equal to the amount of oxygen in parts per 
100.000 required completely to oxidize the sewage. In the 
formula for the effluent a deduction is made for the oxygen 
present in the form of nitrates by deducting three times the 
nitric nitrogen from the strength as shown.by the other part of the 
formula. The difference between the strength of the influent 
and the effluent represents the loss of oxidizability in parts of 
oxygen per 100 000 effected by the purification treatment. . 

The writer uses the aboye-stated formula in analyzing 
the various observations which have been made in this country. 
In this connection he wishes to call attention to the fact that 
in the formula for the strength of sewage effluents from filters 
a subtraction is made corresponding to the amounts of nitrates 
present, and as it is well known that a deep filter effects a rela- 
tively higher degree of nitrification than shallow filters, this 
deduction for nitrates favors relatively the deep filter. A later 
suggestion of Dr. McGowan is to be found on page 50 of the 
Fourth Appendix to the Fifth Report, as follows: 


‘With regard to the calculation of the unit of’ purification 
per cubic yard of filter, we think — on further consideration — 
that it would be more correct not to give credit for the nitrate 
remaining in the effluent. The strength of a sewage liquor is 
based upon the amount of oxygen required for the complete 
oxidation of the liquor by atmospheric or dissolved oxygen, the 
nitrogen (at all events, much the greater part of it) remaining 
in the diluted liquid in the form of nitrate.” 


‘If this wodiied form of strength formula were to be used, 
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not making deduction from the strength of the effluent because 
of the nitrates present, the resultant figures would be more 
favorable to the form of filter effecting the smaller amount 
of nitrification. The writer does not, however, use this modi- 
fied formula, but uses the original form and wishes only to call 
attention to the fact that the error-in using the original form, 
if any, as between the original formula and the one later sug- 
gested by Dr. McGowan, favors the deep filter as compared 
with the shallow one. 

Examining first the data presented in Table 1 of Mr. Eddy’s 
paper, we find records given for the Gloversville experimental 
plant for a period of three months for each of the three filters. 
The writer does not wish to question the correctness of these 
records as reported by Mr. Eddy, for the particular time which 
these records cover, and no doubt from Mr. Eddy’s familiarity 
with this experimental plant he has given correct figures, but 
the writer has been unable to find these figures in the original 
1909 printed Gloversville report and has been compelled to take 
from this original printed report figures as reported in order 
to use Gloversville tests for comparative purposes. Taking 
practically the whole run of these filters Nos. 1, 2 and 3 for 
a period of ten months beginning at the beginning of September, 
1908, and ending at the end of June, 1909, and taking the rate 
of filtration as given in Appendices I, J and K, pages 211 to 250 
inclusive, of the report, we get the following Table 1. 

The quality of the influent to the filters and the effluent 
from the filters is to be found in this 1909 report as follows. 
For filter No. 1, on page 100; filter No. 2, on page 103; filter 
No. 3, on page 104. The tables on these three pages give what 
is called the averages of all analyses of influent and effluent. 
These averages may not be absolutely identical for the same 
period as those of the average rate shown here in Table 1, and 
it may extend for a somewhat longer period than that of Table 1. 
There is no reason, however, to expect that there will be any 
substantial difference, and we can practically take the analyses 
of these pages quoted as corresponding to the rate of Table 1. 

Using the analyzed results, Table 2 following shows the 
purification effected by each of the three filters in question: 
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TABLE 1. 


AVERAGE RATE OF FILTRATION, IN MILLION GALLONS PER ACRE 
DatLy, GLOVERSVILLE EXPERIMENTAL FILTERS. 
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FILTER No. 
Month. 
I 2. 3 
Sy ON Ae ee ee ee 0.60 0.69 0.60 
EES) FEN ee 0 2 sees os pen Eee 0.78 0.78 0.70 
PRO VET DCEE Oath ee itu 68 oat Ove es 1.00 1.00 1.00 
LOG SUNS es ee ae i re 1.18 1,06 1.00 
SERA VRE GOO 8- che ten ns oe 1.18 1.06 1.00 
TAR GEOR cer oat ths vita ae 1.18 1.06 1.00 
UTE 8 eam | ae cae oe ne 1.18 1.06 1.00 
JE ra Ee en: Si aie a 1.18 1.06 1.00 
VERO REE eee leg ee 1.18 1.06 1.00 
1) ELIS: 72 Pe, See ee 1.18 1.06 1.00 
TaN LES GAVE Rh C1 Sian A eta oy Sa ie 1.06 0.99 0.93 
TABLE 2. 
GLOVERSVILLE EXPERIMENTAL FILTERS. RECEIVING SEPTIC TANK 
SEWAGE. 
FILTER No. 
I 2s 3 
Depth ECBO Es BEOL eros oo.s Ava cee oe 0s 10 7 
Siac or stone; mches, Js07. 02 Ji. fae ees 13-2 1Z-2 13-2 
Rate of dosing, m.g.d. acre............ 1.06 99 9 
Rate of dosing, gallons per cu. yd. per day, 66 88 115 
Influent: Free ammonia, ppm........... 14 15.2 14 
Organic nitrogen, ppm.. 14 15-3 14 
Oxygen consumed (5 min. ‘ boil- 
hit-d 0;8) is eee ots (eae ae ee 61 68 62 
1 y 
Strength, 4? ee pp 100 000| © 38.8 40.2 39.4 
Effluent: Free ammonia, ppm...... ees: 8.0 8.6 11.5 
- Organic nitrogen, ppm......... 3.5 5.0 5.8 
Nitrates, ppm....... Fe 5 4.8 3.6 1.6 
Volatile suspended solids, ppm. . 22 32 29 
s 4N+2V—3n 
Strength, 45 2s, | 
PPRLOC 000552 Bot eens 2 oo age 7.6 10.7 12.2 
Reduction of gtrength ce ennt ores Bi 29.5 Dre 
Purification units per cubic yard daily... 2 060 2 600 3,130 
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In considering the data of these experiments, it is to be 
noted that the oxygen-consumed test is given on the basis of the 
oxygen taken from permanganate on five minutes’ boiling. 
This oxygen figure will be materially greater than will be ob- 
tained by the four-hour test used as the basis in the English 
formula, and to make allowance for the different figures the 
writer has used a multiplier of 4.5 instead of 6.5 for the oxygen 
consumed. This may not be at all exact, but the error intro- 
duced is not substantial, and should not materially affect the 
result. 

On the basis of all the Gloversville tests recorded, it seems 
that stone in the 1o-ft. filter effects the purification of 2 060 
units per cubic yard per day; in a 7-ft. filter, 2 600 units; and 
in the 5-ft. filter, 3 130 units. 

Passing now to the next series of data reported by Mr. 
Eddy, the test of the Worcester, Mass., filters, here again the 
writer is unable to identify the particular period covered by 
these tests reported by Mr. Eddy and is unable to test the 
accuracy of the figures shown or to judge them by his own 
methods of computation. The results reported for the deep 
filters seem to be substantially better than those of the shallow 
filters. There are some variable factors, however, in these 
tests which make the comparison as reported unsatisfactory. 
The biggest item of difference appears in the Table 1 of Mr. 
Eddy’s paper, where it is stated that the sewage applied 
to Filters D, F and E is settled sewage and the sewage applied 
to Filters G and H, the deeper filters, is the effluent from Imhoff 
tanks. The fact that the tests are not made at the same time 
makes comparison a very difficult matter. Another factor is 
stated in Mr. Fales’s report appended to the annual report of the 
superintendent of sewers of Worcester for the year ending 
November 30, 1912, on pages 57 and 58, where he states: 

‘‘In considering the relative efficiency of the 10-ft. filter, 
conditions of operation must again be taken into account. 
During the operation of the 10-ft. filter, Worcester nozzles 
have been in use, and the distribution has been much better than 
we have ever attained before. It is probable that the increased 


efficiency of the filter is due largely, if not solely, to the improve- 
ment in the distribution.” 
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Still another difficulty in the proper comparison of these 
tests is the fact that the effluent analysis reported is the analy- 
sis with the suspended matters in the effluent removed by sedi- 
mentation. This will effect an apparent increase in the purifi- 
cation units to be obtained from each filter, but it is not known 
whether this increase will be the same for all filters and for the 
whole period covered by the tests. 

The writer feels that the tests as reported are not in such 
shape that a comparison will lead to any final conclusion; he 
gives the figures of these tests below and the calculations ob- 
tained from them for the sake of completeness in the following 
table. 

The shallow filters, Filters D, E and F, have results re- 
ported in the annual report of the superintendent of sewers for 
the year ending November 30, 1910, page 748. Table 3 gives 
the data and calculations obtained from this series of tests. 


TABLE 3. 


WorcESTER EXPERIMENTAL FILTERS RECEIVING SETTLED SEWAGE. 
SEPTEMBER, 1909, TO SEPTEMBER, 1910. 


(All data in parts per 100 000.) 


FILTER No. 
D E. F 
i 
Depth of stone, feet... ....-.-+--+++-+> 5.0 7.5 475, 
Sizerot stome, mches......- 05 + es seo es 3-24 4-13 3-24 
Rate of dosing, m.g.d. acre.......-----+ .70 1.00 1.00 
Rate of dosing, gallons per cu. yd. per day, 93 83 83 
Influent: Free ammonia...........---- 2.70 2.70 2.70 
Albuminoid ammonia........- 52 52 52 
Residual organic nitrogen ..... 66 .66 .66 
Oxygen consumed (2 min. boil- 
Bagi Fesee use twee Perse: 8.05 8.05 8.05 
Strength, 44N+630........-- 67.1 67.1 67.1 
Effluent: Free ammonia.........--+--- 2.13 1.85 1.83 
Albuminoid ammonia........- 17 713 5g} 
Residual organic nitrogen....-- .16 He) .16 
s Nitrates...) RES ede tind 28 47 34 
Strength, 44N—37....------- 8.6 6.4 74 
Reduction of strength.......--------+> 58.5 60.7 59.7 
Purification units per cu. yd. per day..... 5 400 5 000 4950 


74 BOSTON SOCIETY OF CIVIL ENGINEERS. 

In these Worcester tests the oxygen consumed is reported 
by the two minutes’ boiling method. It is assumed for the 
purpose of comparison that the oxygen consumed as given by 
this test will be practically the same as that obtained by the 
four-hour English tests on which the formule are based. 

The results obtained in the Worcester experiments on the 
10-ft. filter dosed with Imhoff tank effluent as obtained from 
the 1912 annual report, pages 54 and 55, are shown in detail 
in Table 4 accompanying. 


TABLE 4. 


WORCESTER EXPERIMENTAL FILTERS. 1912 REPORT. RECEIVING 
IMHOFF TANK EFFLUENT. FILTER EFFLUENT TESTED AFTER 2.3 
Hours’ SETTLEMENT. 


(All data in parts per 100 000) 


FILTER No. 
Se H 
Depth: of stone) feet. coe, ee te en eee ee 10 10 
aus oe iInchess.c5...au. Ges ae. Bh oe eee 3-13 $23 
ate of dosing, «gd yacrestmtccee see enna i: : 
Rate of dosing, gals. percu. yd. perday............. 96 ee oe ss 
Influent: Free ammonia..:+........ Ais colt pee -.| 2.43 2.43 
Albuminoid ammonia................... . .67 .67 
Residual organic nitrogen............... 1.067 1.067 
Oxygen consumed: -S50.-.. eee 11.90 11.90 
Strength: ace eee eee eee 93.7 93.7 
Witinent: free ammonia ses) eee ee 1.78 1.85 
Aibuminoidsammonia co, soe eee ee 23 25 
Residual organic nitrogen............... .28 30 
Nitrates’ ii: tkx esc ote pes ee ee 60 ‘SI 
. Strength jocacdeg SRA See cae 7.9 7.6 
Reduction of strength . cmades.civa ds keene 85.8 * 86.1 
Purification units, per cu. yd. per day............. be 8 200 8 350 


Turning now to the Lawrence tests, here again the writer 
refers to the original data in the absence of being able to identify 
Mr. Eddy’s records. In the year 1908 Annual Report of the 
Massachusetts State Board of Health, page 370 and following 
Is given a summary of the previous ten years’ tests of maton 
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filters, and of these, Nos. 135, 136, 247, 248 and 222 are reported 
in some detail. Table No. 5, following, gives the tabulation 
of the data reported in this 1908 report and tabulations of the 
purification unit. 


TABLE 5. 


LAWRENCE EXPERIMENTAL FILTERS. 1908 REPORT, PP. 370 ET SEQ. 
(All data in parts per 100 000.) 


I A ior Ses Ana aa ee 135 136 247 | 248 222 
merc On PeaaISee 2). foe 210% 6 icine =e ot Q yrs. |Q yrs. | 4 yrs. | 4 yrs. | 5 yrs. 
I mo. | I mo. | 3 mos.) 4 mos.| 5 mos 
Depth, feet... .........-0--0 20s eee 10.0 | 10.0 5.0 8.0 8.0 
Size of stone, inches..........-..-..-- i-I 1] iI 1} ie 
Rate ot dosing, ria: tng eae eae I.512| 1.797} 1.465 1.490] 1.394 
Rate of dosing, gals. per cu. yd. per day. .| 94 1I2 182 116 108 
Influent: Free ammonia.............- 4.70 4.59| 4.33| 4.41] 3.52 
Kjedahl nitrogen............ 1.04 .98| 1.14} 1.20] 1.19 
Oxygen consumed (2 minutes) . | £3.64) 3-561 4.17) -4.20| 3.43 
: Strengeh: 72.0% os ee nee se | 45-7 | 44.5 | 48.3 | 49.7 | 40.7 
Effluent: Free ammonia...........-.. Ese 24.00] 2.50| 2-341) 2772 
Kjedahl nitrogen............ .40 48 .97| 1.03 57 
TN Raed dre ean Ree ae ga ates a 2552.28) ey -OL2 lanl. 77, 45 
| Strength........-.-.-.-.--- AA eee) GL aes ro aH Gee 153 
Reduction of strengths .<.-. 2c. ao: 45.5 | 41.6 | 35-2 | 41-7 | 29.3 
Purification units per cu. yd. per day....| 4 280) 4660 


ae 4 830| 3 160 


It is to be noted that here, too, there is given no record of 
the volatile matter in the suspended solids, and the strength 
of the filter effluent is, therefore, calculated while ignoring this 
question of the volatile suspended solids. 

Coming now to the experimental filters at Baltimore, as 
reported by the Baltimore Sewerage Commission in the I9II 
annual report, which tests formed the basis of the writer’s 
original paper, we get Tables 6 and 7, taken from pages 55 and 
57 of this 1911 report. The rates of filtration are not given in 
the original report beyond the intimation that they were uniform 
for the various depths of filters, and the statement that the 
average rate was approximately 3.3 million gallons per acre of 
filter surface per day. For the purpose of making these Tables 
6 and 7 and to simplify comparison, the writer has assumed a 
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uniform rate of one million gallons per acre per day, and the 
resulting figures for purification are no doubt somewhat less 
than that actually obtained. 

Examined in the way outlined above, some of the tests 
made, such as the Gloversville test and the Baltimore test, 
seem to indicate very definitely a greater purification effected 
per cubic yard of stone by the shallow filters. The Worcester 
tests do not lead to any conclusion, because of the varying con- 
ditions under which the various tests were made. The Lawrence 
earlier tests seem to show that there is no notable difference in 
the output of the filters of various depths. In comparing these 
tests, however, it should be noted that the Gloversville and Bal- 
timore tests do report the amount of volatile suspended solids in 
the filter effluent, and that these are properly accounted for in 
the formula and in the purification thus obtained. Neither 
the Worcester nor the Lawrence test report these volatile sus- 
pended solids, and therefore no allowance is made in figuring 
. purification units. . 

It is well known that some part of the settling solids in 
the effluent of coarse grain sprinkling filters is putrescible. 


TABLE 6. 


BALTIMORE EXPERIMENTAL FILTERS. I91I REPORT OF BALTIMORE 
SEWERAGE COMMISSION, TABLE B, PAGE 55. 


Depth: oftfilten tect. .1< ncn aieaven era 6 9 ne 
Size ok stone) inChes veg. saa e Senne I-2 I-2 1-2 
Rate of dosing, m.g.d. acre, assume...... T.0 1.0 1.0 
Rate of dosing, gals. per cu. yd. per day. 104 69 51 
Influent: Free ammonia, ppm........... 19 19 19 
Organic nitrogen, ppm......... 16 16 16 
Sedan consumed, ppm....... 50 50 50 
rength, pp. 100 000......... Rye | g 
Effluent; Free ammonia, ppm........... : “i a rey 
Organic nitrogen, ppm,........ 12 10 10 
Nitrates, Opi, occas hes ook res 8 25 18 
Volatile suspended solids, ppm.. 50 33 27 
_ Strength, pp. 100000......... 18.4 10.7 7.6 
Reduction ofatrengthi.. 5.2. sate 28.9 36.6 39.7 
Purification units per cu. yd. per day....| 3000 . 2 500 2 030 
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TABLE 7. 


BALTIMORE EXPERIMENTAL FILTERS. 1911 ANNUAL REPORT, 
TABLE D, PAGE 57. 


Brcpiiy Of ier LeChas... <.kios os cals A 

pV gien le GEOMOTOHES: 05.0 6 s..seste = acdc. o0ss0-% eee Pe ey 

Rate of dosing, assumed, gals. cu. yd. per 

MAES AOE ad SS lec SPN ek PN ane 138 83 59 

Influent: Free ammonia, ppm. ......... 18 18 18 
Organic nitrogen, ppm......... 10 10 10 
Oxygen consumed, ppm........ 42 42 42 
Strength, pp. 100000......... 38.5 38.5 38.5 

Effluent: Free ammonia, ppm........... 16 II 7 
Organic nitrogen, ppm......... 8 8 a 
UIE e g? fa Mit ¢) 32 ee 3 II 17 
Volatile suspended solids, ppm.. 36 27 24 
Strength, pp. 100000......... 15.8 9.7 5.6 

Reduction of strength................. oer, 28.8 32.9 

Purification units per cu. yd. perday..... 3 130 2 400 I 940 


CONSTRUCTION FACTORS. 


If it is true that in the treatment of a given sewage its 
stability or non-putrescible condition is brought about in sprin- 
kling filters of varying depths to the same extent per cubic yard 
of material in the bed, there is no doubt about deeper beds 
being cheaper than shallower ones; this is stated by the writer 
in his book on ‘‘ Sewage Disposal,’ page 703. On that assump- 
tion, the deeper beds would undoubtedly be cheaper if we were 
sure that surface clogging, as experienced at Reading, would 
not increase the operating costs and if we were also certain that 
high nitrification, comparatively speaking, is worth securing 
in addition to reducing the organic matter to a point where the 
effluent will not putrefy. 

Mr. Eddy’s point that the distributing system is more 
likely to vary in proportion to the area of the filter than with 
the quantity delivered has an element of truth, in that the cost 
of the distribution system will depend on both of these factors, 
although we have made no detailed comparisons for the approx- 
imate studies hitherto undertaken. There are rather striking 
differences in the unit costs of floors, false bottoms, walls, gal- 
leries and distributors, between Mr. Eddy’s figures based on 
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his Fitchburg prices and those used by the writer in his original 
paper. Local factors of design and market prices are no doubt 
abundantly capable of explaining these differences. The higher 
these unit costs are for the filter floor, the greater will be the 
benefit of deeper filters, comparatively speaking. 

As to the writer’s unit prices for the structures above 
mentioned, there is nothing that can be added except that they 
are in accordance with his repeated experiences. Eliminating 
the item of filtering material (broken stone), his unit prices are 
in accordance with the results of the recent letting at Plainfield, 
N. J., and substantially conform to the prices obtained in 1913 at 
Baltimore, Md.; at Reading, Pa.; and Columbus, Ohio; and 
Atlanta, Ga. 

As to broken stone, the Fitchburg price of $1.95 per cubic 
yard is no doubt more representative of New England condi- 
tions than the $1.50 price used by the writer. The low price 
was used by the writer with the intent of making the comparison 
fair to the deep filters, as the lower the price of broken stone, 
the less is the possible advantage which might accrue to the 
shallower filters. 

It is perhaps worth while to point out that excavation, 
embankments and some minor appurtenances are not included 
in the figures for the writer’s sprinkling filter costs. The total 
cost of an installation, including all factors not varying with 
the depth, will be markedly higher than the base prices given. 
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This Society is not responsible for any statement made or opinion expressed in its publications 


TOILET REGULATIONS FOR INDUSTRIAL ESTAB- 
LISHMENTS. REPORT OF COMMITTEE. 


Boston, November 3, 1914. 


Mr. BERTRAM BREWER, CHAIRMAN SANITARY SECTION, 
Boston SOCIETY OF CIVIL ENGINEERS: 

Sir, — Pursuant to instructions, the committee appointed by 
you to consider the regulations for toilet facilities in industrial 
establishments, a subject now under consideration by the State 
Board of Labor and Industries, has completed its study and sub- 
mits the following 


REPORT. 


The committee visited the Bureau of Labor and Industries 
and received from its sanitary engineer copies of a draft of 


proposed regulations and other contributory data. 


In order to prepare itself to criticise the proposed regu- 
lations intelligently, your committee visited several industrial 
establishments employing workers of various nationalities with 
widely differing personal habits. It has also held several meet- 
ings to discuss the questions involved; it has investigated the 
laws and regulations of other states and the practice of certain 
large corporations; and it has consulted the available literature 
bearing upon the problem and several engineers who have special 
knowledge in the premises. 
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Your committee finds that the regulations proposed by the 
State Board of Labor and Industries are generally fitting and 
proper and not burdensome to the employer of labor. Further- 
more, they should afford sufficient protection to the employee. 
On the other hand, your committee has suggested certain changes 
in the text of the regulations in the interest of clearness and 
consistency. 

Because the condition in which toilet rooms are maintained 
may depend in large measure upon the ideals of certain em- 
ployees, and as ideals of proper cleanliness and care differ widely 
among different classes of employees, there appears to be no 
way of obtaining proper conditions except through a system of 
state inspection and supervision, supported by adequate police 
power. 

At the present time the manufacturers of the state are 
complaining of too many inspections and that the very frequent 
admission of inspectors, both those authorized by the state and 
those representing private associations, interferes in no small 
degree with the work of the various establishments. This annoy- 
ance should be reduced to the minimum consistent with the 
health and welfare of the employees; and if the state factory 
inspection could be made by one board, even though it requires 
more than one kind of inspection, conflict of authority might 
be avoided and the manufacturers relieved of some of the annoy- 
ance of which they complain. 

The proposed regulations, with the changes suggested by 
the committee, are transmitted with this report. 


Respectfully submitted, 


ROBERT SPURR WESTON, 
GEORGE A. CARPENTER, 
RicHarp A, HALE, 

Committee. 
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Toilet Regulations for Industrial Establishments 
Recommended by the Sanitary Section of the 
Boston Society of Civil Engineers. 


(Adopted December 9, 1914.) 


TOILET FACILITIES. 


I. 
WHERE REQUIRED AND SEX DESIGNATION. 


In every establishment where persons are employed, there 
shall be provided within reasonable access a sufficient number 
of proper water-closets, earth closets or privies, and wherever 
ten or more persons of both sexes are employed together, sepa- 
rate water-closet compartments or toilet rooms shall be provided 
for each sex, and shall be plainly so designated. 

No person shall be allowed to use a closet or privy which 
is designated for the use of persons of the opposite sex. 


Lk 
NUMBER REQUIRED. 


The number of seats shall not be less than one to every 
twenty-five (25) males and one to every twenty-five (25) females, 
based upon the maximum number of persons, of either sex, 
employed at any one time, except that where urinals are pro- 
vided, the number of seats required may be decreased by one 
for each urinal installed; but the total number of seats, however, 
shall not be less than two thirds the number required above. 


LEE 
LOCATION. 


Water-closets and urinals must be readily accessible to the 
persons using them. In no case may a closet be located more 
than one floor above or below or more than 300 ft. distant 
from the regular place of work of the person using the same. 
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In tenant factories, mercantile or office buildings, the owner 
shall provide separate toilets within reasonable access, as above 
defined, for the common use of the tenants. 


IV. 


PRIVACY. 

(a) Existing Installations. 

The entrance to every water-closet compartment, which 
opens directly into a room, hall or passageway in a building 
where both sexes are employed, or room, hall or passageway 
frequented by both sexes, shall be screened by a screen or vesti- 
bule at least six (6) feet in height. 

(b) Future Installations. 

Every water-closet compartment hereafter installed shall 
be located in a toilet room, or shall be built with a vestibule to 
screen the interior from view. 

(c) All Installations. 

Where separate toilets for each sex adjoin, they shall be 
separated by solid partitions, and the entrances shall be as remote 
as possible. They shall not open into a common ante-room. 


Vi 
VENTILATION. 

(a) Existing Installations. 

Every water-closet compartment, excepting as hereinafter 
provided, shall be ventilated directly to the outside air by a win- 
dow, skylight or other suitable opening. 

All water-closets which are not ventilated directly to the 
outside air by a window, skylight or other opening shall be 
entirely enclosed in a compartment or toilet room, by either 
extending the side walls to the ceiling or by independently ceil- 
ing them over at a minimum height of eight (8) feet. This 


compartment or toilet room shall then be ventilated by either: 
1. An exhaust system; or 
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2. A stack to the roof at least 6 in. in diameter. 

Wherever practicable, these toilets shall be relocated so 
that they will be exposed directly to the outside light and air, 
in accordance with the requirements for new installations. 

(6) Future Installations. 

Every water-closet compartment hereafter constructed shall 
be ventilated directly to the outside air by a window, skylight 
or other suitable opening. Where the water-closet compart- 
ments ventilate into an air shaft, the area of such shaft in square 
feet must not be less than 20 per cent. of the height of the shaft 
in feet. If this air shaft is covered with a skylight, the net area 
of the openings at the top must be at least one and one-half 
times the area required for the shaft. 


Wey 
LIGHTING. 


(6) Future Installations. 

The minimum amount of window space for every toilet 
room in which one urinal or seat is hereafter installed shall be 
four (4) square feet, and for each additional urinal or seat one 
(1) square foot additional window space shall be provided. 

(c) All Installations. 

All windows must be so constructed that they can be readily 
opened to at least one half their total area. 

Every toilet room or water-closet compartment shall be so 
lighted that all parts of the room or compartment are easily 
visible at all times during working hours. If daylight is not 
sufficient for this purpose, artificial illumination shall be main- 


tained. 
VII. 


SizE OF TorLetT Room. 


In all water-closet compartments hereafter constructed, 
there shall be at least ten (10) square feet of floor space and 
80 cubic feet of air space per urinal or seat installed. 
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VIII. 


TypE OF WATER-CLOSET. 


All water-closets shall be provided with ample water for 
flushing. 

All water-closets hereafter installed shall have individual 
bowls made of porcelain or vitreous earthenware; they shall 
be provided with seats made of wood or other non-heat-absorb- 
ing material, which shall be coated with varnish or some other 
waterproof substance. 

All future installations of water-closets in inside rooms shall 
be provided with local seat vents connected with a stack or 
chimney having an area of cross section of not less than three (3) 
square inches per closet. 


IX. 


ENCLOSING WoopWORK. 


(a) Existing Installations. 

All woodwork enclosing the bowl: of the closet shall 
be removed and the space within the compartments shall be 
painted with some light-colored non-absorbent paint. 

(b) Future Installations. 

The bowl of the closet shall be free and clear so that the 
space behind and below may be readily cleaned. 


xe 
PARTITIONS AND WALLS. 


(b) Future Installations. 

Hereafter, when more than one water-closet is installed in 
a toilet room, partitions shall be provided between the seats. 
These may be of wood if covered with paint or some other non- 
absorbent material. They shall be not less than six (6) feet 
high, and, where practicable, shall not extend nearer the ceiling 
or floor than one foot. They shall be at least twenty-eight 
inches (28 in.) apart. 

(c) All Installations. 

The enclosing walls shall be substantially constructed and 
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designed to secure privacy. All outside walls, unless constructed 
of glazed tile, brick, etc., shall be kept well painted with a light- 
colored non-absorbent paint, varnish or other impervious com- 
pound. 


xe 
FLOORS. 


(b) Future Installations. 

The floor of every water-closet compartment or toilet room 
hereafter installed, and the side walls, to a height of nine (9) 
inches, shall be constructed of material impervious to moisture, 
and which has a smooth surface. 

(c) All Installations. 

The floors of all water-closet compartments and toilet rooms 
shall be kept in good repair, and free from large cracks or holes. 


REGGE 
Doors. 


(b) Future Installations. 

All water-closet compartments hereafter installed in men’s 
toilet rooms shall be provided with doors at least three (3) feet 
in height and they shall be set twenty-four (24) inches above the 
floor. 

(c) All Installations. 

All water-closet compartments inside a toilet room used by 
females shall be provided with a door at least forty-two (42) 
inches high and furnished with a suitable fastener. 


xt D3 
URINALS. 


(b) Future Installations. 
Hereafter wherever urinals are installed, the floors in front 


for a distance of at least twenty-four (24) inches shall slope to 


the drain. Se 
The use of the iron trough type is prohibited, and all urinals 
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shall be made of impervious non-corrosive materials, shall be 
individual, and preferably of the wall or vertical slab type. 

(c) All Installations. 

Where more than ten (10) males are employed a urinal 
shall be provided; urinals shall be provided in the ratio of one 
urinal to every forty (40) males, based upon the maximum number 
of persons employed at any one time. Two (2) feet of wall 
urinal shall be considered as an equivalent of one urinal. 

The floors shall be constructed of impervious material to 
at least twenty-four (24) inches distant. 


XIV. 
HEATING. 


(b) Future Installations. 

In all water-closets hereafter installed, the heating facilities 
shall be so arranged as to permit a thorough cleaning of the 
floors and walls. 

(c) All Installations. 

It is recommended that all water-closet compartments and 
toilet rooms shall be kept heated during the working hours to 
at least fifty (50) degrees Fahrenheit. , 


XV. 
MISCELLANEOUS. 


Where practicable, an adequate supply of toilet paper shall 
be provided in every water-closet compartment. 

Any indecent pictures or words shall be removed from the 
walls or partitions of the toilet rooms. 


XVI. 
MAINTENANCE. 


All toilets and urinals shall be kept clean. Regular and 
thorough cleansing shall be practiced. Disinfection alone is not 
to be relied upon. In every establishment there shall be one 
person who shall have direct charge of and be held responsible 
for the cleanliness of all sanitary appliances installed. 
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WASHING FACILITIES. 
I. 


WHERE REQUIRED AND SEX DESIGNATION. 


In every establishment where persons aie employed there 
shall be provided, within reasonable access, a sufficient number 
of proper washing facilities, and where ten or more males and 
ten or more females are employed together, separate washing 
facilities shall be provided for each sex, and shall be plainly so 
designated. 


if. 
NUMBER REQUIRED. 


The number of wash bowls, sinks or other appliances shall 
not be less than one to every thirty (30) persons, based upon 
the maximum number of persons using the same at any one time. 
Twenty (20).inches of sink will be considered as an equivalent 
of one wash bowl. 

In special industries or departments where there is undue 
exposure to poisonous substances or liquids, or where the work 
is especially dirty, one may be required for every five (5) persons, 
and in these cases they shall be provided with clean, running hot 
and cold water. 


Ill. 
LOCATION. 


The washing facilities provided must be within reasonable 
access as above defined for toilets, and at least one wash bowl, 
sink or other suitable appliance shall be provided in or adjacent 
to every toilet room. 


ave 


LIGHTING. 
All washing facilities shall be clearly lighted at all times 


_ during working hours. 
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V. 
CLEANLINESS. 


All washing facilities or appliances and the floors in and 
around the same shall be kept clean, and regular and thorough 
cleansing shall be practiced. 


WAL 
MISCELLANEOUS. 


Where common sinks are provided, these shall be furnished 
with individual wash basins. One tap for each 20 in. of wall 
sink, or one pair of taps for each 20 in. of double sink, each sup- 
plied with clean running water, shall be provided with the sinks. 


In the above regulations, no specific rules are given for 
privies. There are few industrial establishments in Massachu- 
setts which are not provided with running water, and most of 
the establishments where connection with sewers is not possible 
could arrange to drain sanitary fixtures into cesspools or suit- 
able independent sewage disposal plants. Where privies are 
unavoidable, they should under no circumstances communicate 
directly with any work-room, but should be separated by a ves- 
tibule open to light and air. Such other regulations for closets 
as are pertinent should be applied to privies. 

It is recommended that all privies be See to prevent 
the access of flies and other insects to the dejecta, which latter 
should be received in a water-tight receptacle and removed at 
frequent intervals; in other words, the so-called ‘‘ bucket sys- 
tem ’’ should be used. The so-called water-tight privy vaults, 
if used alone, are not considered satisfactory. 

Where the bucket system is used, it is recommended that 
dry earth or sand be supplied in each privy, and that if possible 
the dejecta be disinfected to prevent the spread of infection. 

While the fixtures and plumbing.are important from a pub- 
lic health standpoint, the paramount requirements are an abun- 
dance of air and light, with privacy and cleanliness. 

Cleanliness is the most important factor. As a general rule, 
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it is true that the most modern toilet facilities, when neglected, 
are far less satisfactory than older and cruder fixtures, well 
cared for. 

A dark toilet compartment is usually a dirty one; therefore, 
toilet rooms and compartments should be well lighted. 

Closets without local vents generally produce disagreeable 
odors, and therefore seat ventilation is recommended, especially 
where closets are not directly exposed to outside light and air. 
If the seats be ventilated and the requirements for cleanliness, 
light and privacy be met, there appears to be no reason why 
closets in existing inside rooms should not be permitted. 
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PROFESSIONAL CARDS, 


CHAS. T. MAIN - 
ENGINEER 


201 Devonshire Street, Boston, Mass. 


Rooms. 817-833 


Plans and Specifications for the erection and equip- 


ment or reorganization of textile mills and other. 


industrial plants, including steam and: 


water-power plants 


ROYALL D.. BRADBURY 


Assoc. M. Am. Soc. C. E. 


CONSULTING ENGINEER 
Structural Steel 
Reinforced Concrete 


Designs, Specifications, and Estimates 
Review and Approval of Plans 


‘Inspection and Supervision of com 
~ struction 


Examinations and Investigations 


Valuations and Appraisals 


18 Tremont St., BOSTON 


NEW ENGLAND _ . 
BUREAU OF TESTS, Inc. 


Inspecting Engineers 
and Chemists 


Herbert L. Sherman, President 
Joshua L. Miner, First Vice-President 
A. B. Bellows, Second Vice-President 
Wm. F. Zimmermann, Secretary 

Tests and inspection of Iron and 
Steel, Cement and Concrete Materials, 
Road Materials, Pipe, Wire and Machin- 
ery of all kinds. ‘iM 

_ Chemical Analyses and Research. 

Our own laboratories and mapecters 


-at*all | importa points. 


12 Pearl Streets 
BOSTON . 


"Phone, Fort. Hill 3038 
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iv PROFESSIONAL CARDS, 


H. S. ADAMS 


Consulting Engineer 


108-9 AMES BUILDING 
BOSTON, MASS. 


ASPINWALL & LINCOLN 
Civil Engineers 


3 HAMILTON 
BOSTON 


PLACE 


GEORGE W. FULLER 


M. Am. Soc. C. E. M. Am. Inst. Cons. EB, 
Consulting Hydraulic Engineer and Sanitary Expert 


JAMES RB. McCLINTOCK CHAS. B. BUEBRGER 


Water Supply and Purification, Sewerage and 
Drainage, Disposal of Sewage and Refuse, 
Investigation of Epidemics, Water Works 
Valuations, Supervision of Construction and 


Operation. 


170 Broadway, New York, N. Y. 


EPHRAIM HARRINGTON 


M. Am. Soc. C. E. 


Consulting and Advisory Engineer 


EXAMINATIONS, ESTIMATES AND REPORTS, 
Private and Municipal Improvements and Developments. 
PRELIMINARY SURVEYS, DESIGNS AND SUPERVISION. 


20 Pemberton Sq. Boston 


BURTiIS S. BROWN 
Assoc. M. Am, Soc. C. E. 
Consulting Engineer 
Designs, Plans, Estimates, Testing. Specialist 


in Structural “ey Seen as Fireproof Build- 
ing Expert. Reinforced Concrete, Structural 


Steel, Heavy Foundations. 
Telephone 919 to 921 Broad Exchange 
Fort Hill 2799 Building 


HERING & GREGORY 


Rudolph Hering John H. Gregory Charles Saville 


Consulting Engineers 
and Sanitary Experts 


Water Supply and Water Purification, Sewers 


age, Sewage Disposal and Refuse Disposal 
170 Broadway, New York City 


EDWARD A. BUSS 


Mill Architect and Consulting 
Engineer 


New Construction, Rearrangements, Elec- 
trical Equipment, Economy of Operation 


85 Water St., Boston, Mass. 


F. W. Dean H, M. Haven 


Members A. S. M. E. 
F. W. DEAN, INC. 


Mill Engineers and Architects 


Exchange Building, 53 State St. 
BOSTON, MASS. 


Tel. Fort nin { 3943 


J. L. HERN ENGINEERING CO. 


Consulting Mechanical 
Engineering 


Heating, Ventilating and Mechanical 
Equipment 


149 PEARL STREET 


4974 BOSTON, MASS. 


Wa. W. Cosby | 1), C, & WM. B. JACKSON 


Consulting Engineers 


FOR ELECTRIC AND 
ALLIED PROPERTIES 


CHICAGO 
Harris Trust Bldg. 


BOSTON 
248 Boylston St. 


a 


FAY, SPOFFORD & THORNDIKE 


Consulting Engineers 


BRIDGES AND OTHER STRUCTURE 
STEEL AND M\SONRY. FOUNDATIONS. 
RIVER AND HARBOR VORKS 
FREDERIC H. Fay CHARLES M. SPOFFORD 
STURGIS H. THORNDIKE 


308 Boylston Street, Boston, Mass. 


ALFRED S. KELLOGG 


Engineering 
Heating, Power and Lighting 


53 STATE ST., BOSTON, MASS. 
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J. R. Worcester BE. B. Pertee G. H. Brazer 
METCALF & EDDY Menosns oF Soc. 6 
Leonard Metcalf Harrison P, Eddy J. R. ORCESTER & co. 
Charles W. Sherman Wm. T. Barnes a 
Almon L. Fales Consulting and Designing 
ngi 
14 Beacon Street Harris Trust Building Bria - e peed ti 
‘ou 
Boston, Mass. Chicago, I. Steel and ielwerced Conerete eekraction 
Water Supply and Sewerage Selah anette ba icopial Potash 


Cement Testing Laboratory at Waltham, Mass. 


HIRAM ALLEN MILLER 


M. Am. Soc. C. B. 
Consulting Engineer 


Thirty Years’ Experience 
Expert Work a Specialty 
8 BEACON ST., BOSTON, MASS. 


SANFORD E. THOMPSON 
M. Am. Soc. C. E. M. Am. Soc. M. E. 
Consulting Engineer 
Design of Steel and Reinforced Concrete; 
Review of Plans; Estimates and Appraisals; 
Tests of Cement and Concrete; Organization of 

Construction and Industrial Work. 


NEWTON HIGHLANDS 141 MILK ST. 
MASS. BOSTON 


LEWIS D. THORPE 
Civil and Sanitary Engineer 


Water Works, Sewerage and Sewage 
Disposal 
Supervision of Construction and Operation 
201 Devonshire Street 
BOSTON, MASS. 


ROBERT SPURR WESTON 


Laboratory for the Analysis of Water, 
Sewage, Filtering Materials, etc., Design, 
Inspection and Supervision of Water Puri- 
fication and Sewage Disposal Plants. 


14 BEACON STREET, BOSTON 


WHITMAN & HOWARD 


Civil Engineers 
(Established in 1869) 


220 Devonshire Street Room 504 
BOSTON 
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SIMPSON BRos. CORPORATION 
SIMPSON 222 2 


_ ENGINEERS AND CONTRACTORS 
FOR 


REINFORCED CONCRETE 
CONSTRUCTION 


= 


MEP BROS. 


HIRE S& ROCK ASPHALT ¥FLoors — GRANOLITHIC FLOORS. 


SIDEWALKS, CURBING; | STEPS} ; "BUTTRESSES, 2 ERC. 
SIMBROCO CONCRETE STONE BUILDING TRIM. 
EE ee eater as Hie eA hs eee eS 

HASSAM CONCRETE .STREET PAVEMENT. 


ROCKPORT GRANITE 


permanently resists all 
action of Sea Water 


It is an undeniable fact that chemical: changes take place in the 
cement of CONCRETE construction exposed for any number of 
years to sea water, changes that are certainly not for the better. . 


No changes take place in Rockport Granité.” It is pernianefit, and 
it is impermeable; and these FACTS are beyond question. 
The same facts apply to masonry wofk ‘of ev ery deScrip tion — 
Rockport Granite is the ONE material of PERMANENCY. 


A combination of Quality and Low Price is offered in Rockport 
Granite, full details of which will be supplied upon request. Write. 


ROCKPORT GRANITE CO. - ‘Rockport, Mass. 


Cc. HARRY ROGERS, Treas. and Gen’l Mgr. 
BRANCHES : 4 : 


New York, 21 Park Row, Represented by F.E. Foster. Chicago, Chamber of Commerce 
Bldg., Represented by J. ip Duffy. Boston, 31 State St. Winnipeg, Canada, N. J. Dinnen Co. 


EDWARD A. TUCKER COMPANY 


Concrete Engineers 
patitenitlnmabiatednc tune Berlek the LL 


Designs and Estimates Submitted Structural Steel ° 
Concrete Reinforcement Fabrication and Erection | 


ESSEX BUILDING - 683 ATLANTIC AVENUE, BOSTON 


Opp. South Station 


Direct Mill Connections Warehouse, Cambridge Shop, Camden, N. J. 
Telephone, Oxford 4670 


Please mention the Journal when writing to Advertisers 


ADVERTISEMENTS, vil 


Holbrook, Cabot & Rollins Corp’n 


Contractors 


Heavy Masonry and Concrete Con- 


struction, Deep Foundations 


6 BEACON STREET BOSTON, MASS. 


Charles Building, 331 Madison Avenue 
New York, N. Y. 


JAMES W. ROLLINS, President 
FREDERICK HOLBROOK, Vice-Pres., and Gen’l Manager 
THOMAS B. BRYSON, Second Vice-President 
WILLIAM S. PATTEN, Treasurer 


Please mention the Journal when writing to Advertisers | 
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WILLIAM L. MILLER 


71 ALFORD STREET CHARLESTOWN, MASS. 


Bridge, DocKs, Sea Walls, Heavy Timber 
and Concrete Construction 


General Contractor — 


TELEPHONE, 497 CHARLESTOWN 


WARREN FOUNDRY «*? MACHINE CO. 


i114 Broadway, New York City 


MANUFACTURERS OF 


Cast Iron Gas and Water Pipe 
ALSO ALL KINDS OF FLANGE PIPE AND SPECIAL CASTINGS 


R. D. Wood G Company, 
Philadelphia, Pa. 


Engineers Iron Founders Machinists 


Pumping Engines, Centrifugal Pumping Machinery, Gas Pro- 
ducer Power Plants (and big installations) Gas Holders, Cast 
Iron Pipe, Valves and Hydrants, Water and Gas Works Ap- 
pliances. 
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STONE & WEBSTER 


CHARLES A. STONE 
HENRY G. BRADLEE 
DWIGHT P. ROBINSON 


-EDWIN S. WEBSTER 


RUSSELL ROBB 
ELIOT WADSWORTH 
JOHN W. HALLOWELL 


SECURITIES OF PUBLIC SERVICE CORPORATIONS 


STONE & WEBSTER ENGINEERING 
CORPORATION (Incorporated) 


CONSTRUCTIN 


DWIGHT P. ROBINSON 
HOWARD L. ROGERS . 
GEORGE O. MUHLFELD 
FREDERIC N. BUSHNELL 
GEORGE C. ENGLAND : 
ROBERT E. HAMILTON . 


STONE & WEBSTER MANAGEMENT 


G ENGINEERS 


President and General Manager 

First Vice-President and Treasurer 
Vice-President and Construction Mandger 
Vice-President and Engineering Manager 
: s Controller 

Purchasing Agent 


ASSOCIATION (Incorporated) 


GENERAL MANAGERS OF PUBLIC SERVICE CORPORATIONS 


HENRY G. BRADLEE . 
FREDERICK S. PRATT ° ° 
FEDRERICK P. ROYCE . 
CHARLES F. WALLACE : 
HENRY B. SAWYER 


The Lowell Electric Light Corporation 

The Seattle Electric Company 

Puget Sound Electric Railway 

Tacoma Railway and Power Company 

Columbus Electric Company 

Cape Breton Electric Company, Limited 

El Paso Electric Company 

Jacksonville Traction Company 

Ponce Electric Company 

Paducah Traction and Light Company 

Puget Sound International Railway & 
Power Company 

Pacific Northwest Traction Company 

The Minneapolis General Electric Company 

Edison Electric Illuminating Company of 
Brockton 

Houghton County Electric Light Company 

Brockton and Plymouth Street. Railway 
Company 

Houghton County Traction Company 

Dallas Southern Traction Company 

Eastern Texas Electric Company ~ 

Fort Worth Southern Traction Company 


President 

- Vice-President 

. Vice-President 

- Vice-President 

. : S . Treasurer 


GENERAL MANAGERS OF 


Savannah Electric Company 
Dallas Electric Corporation 
Northern Texas Electric Company 


The Electric Light and Power Company of 
Abington and Rockland 


Blackstone Valley Gas & Electric Company 

The Blue Hill Street Railway Company 

Tampa Electric Company : 

Pensacola Electric Company 

Houston Electric Company 

Fall River Gas Works Company 

Galveston Electric Company 

Pacific Coast Power Company 

The Key West Electric Company 

Baton Rouge Electric Company 

Whatcom County Railway & Light Com- 
pany 

Galveston-Houston Electric Company 

Haverhill Gas Light Company 

Sierra Pacific ElectricCompany 

Mississippi River Power Company 

Puget Sound Traction, Light & Power Com 
pany 


STONE & WEBSTER BUILDING 


147 MILK STREET, BOSTON, MASSACHUSETTS 


5 NASSAU STREET, NEW YORK 
FIRST NATIONAL BANK BUILDING, CHICAGO 
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and Harbor Improve 
Dock Dredging a Specialty; 


GORHAM H. WHITNEY, Pres. and Mer. JAMES E:GASAMAN, Treasurer. 
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PUTT 


WALDO BROTHERS 


BOSTON, MASS. 
Wits 
NEW ENGLAND AGENTS FOR 
ATLAS PORTLAND CEMENT 
AKRON SEWER PIPE 
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U. HOLZER, 
BOOK - BINDER 


25 BromrieLp Sr., Bosron, Mass. 
ESTABLISHED i870, 


All kinds of Books bound and repaired. 


Maps and Charts mounted. Telephone 
Portfolios, Scrap Books, Blank Books, ete., made to order. and 
Lettering in Gold; Paper-Splitting ; Inlaying; ete. Elevator 
Photographs Mounted on Card or Paper without Cockling. 
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Engineering Construction 


Switch Cell Construction 


133 OLD SOUTH BUILDING 
BOSTON 


THE EXTREME HIGH QUALITY OF 


PENNSYLVANIA PORTLAND CEMENT 


MAKES ITS USE ESSENTIAL WHERE 
WORK OF THE HIGHEST CLASS IS DESIRED 


PENNSYLVANIA CEMENT CO. 


NEW YORK OFFICE BOSTON OFFICE 

30 East 42d St. 166 Devonshire St. 
NEW YORK BOSTON 

53 Firre AVENUE 683 ATLANTIC AVENUE 


J. W. BISHOP COMPANY 
GENERAL CONTRACTORS 


WORCESTER 


PROVIDENCE 
109 Foster STREET 


617 Butter ExcHANGE 


CONCRETE 
Foundations, Roads, Walks 


mop) Concrete Construction Co. "=" 


28 SCHOOL STREET EXCAVATING 
AND 
BOSTON GRADING 
_ GEO. A. BLAIR L. L. STREET W. 0. WELLINGTON 


ISAAC BLAIR & CO., Inc., General Contractors 
Shoring and Moving Buildings a Specialty 
433 Harrison Avenue, BOSTON 
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ESTATE IN CONCORD, MASS. T. MOTT SHAW, ARCHITECT 


ANDREW D. FULLER Co. 


Ganstrurtors 
Engineers 


3 HAMILTON PLACE, BOSTON 


Country Estates Complete 
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THE CHARLES R. GOW COMPANY 


Contractors for Engineering Construction 


No. 166 DEVONSHIRE STREET 


BOSTON, MASS. 


CHARLES D. WHEELER 
Insurance 


Telepnone 5231 Main 65 KILBY STREET, BOSTON 


Liability, Fire, Life; Accident, Marine 
and Automobile Insurance 


ALSO CONTRACTORS’ BONDS AT LOWEST RATES 
CONSISTENT WITH ABSOLUTE SECURITY 


Spaulding Print Paper Co. 
BLUE PRINTERS 


Blue Prints made from profile and other long tracings in continuous 
lengths. Small or large orders furnished in 
the quickest possible time. 


A full line of DRAWING MATERIALS in stock at lowest Prices 


44 FEDERAL STREET, BOSTON, MASS. 


TELEPHONE, MAIN 4103 or 1390 
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in any field is decided and set by the concensus of opinion 
among the buyers, not the sellers. ° 


In the Paving Field 


Ask the present and former:cities who have used it what they. think about 


BITULITHIC 


The greatest care is used in the construction of the Bitulithic pavement. It renders 
unfailing service. Bitulithic is made of varying sizes of the best stone obtainable combined 
with bituminous cement and laid under close laboratory supervision. You must remem- 
ber that quality should be first consideration, The condition of the streets indicates the 
character of the city. 


BITULITHIC PAVEMENT, DARTMOUTH ST., BOSTON, MASS. 
Pavement laid 1903 Photograph taken Sept., 1913 


Stop and Consider 


BITULITHIC, before determining to use inferior street paving. It is cheaper to 


have a good pavement in the beginning than to contract for cheap construction which has 
to be repaired every year, 


NO TIME LIKE THE PRESENT 


to consider what-construction you are going touse on yourstreets. Specify BITULITHIC 
and have a pavement which is unrivaled in reputation— unquestioned in quality — un- 
equaled in popularity. 

Don’t wait ; get your contracts in early for BLTULITHIC, a pavement suitable under 
all the varying climatic conditions. 


Write to-day for explanatory booklets, and learn more about this modern pavement for 
modern cities. 


WARREN BROTHERS COMPANY 


Executive Offices : 59 Temple Place, Boston, Mass. 


DISTRICT OFFICES: 
NEW YORK, N.Y. CHICAGO, ILL. ROCHESTER, N. Y. LOS ANGELES, CAL. 
50 Church St. - 10 So, LaSalle St. 303 Main St., West 926 Calif. Bldg. 
PORTLAND, ORE. PHOENIX, ARIZONA 
Journal Bldg. 204 Noll Bldg. 
NASHVILLE, TENN. ST. LOUIS, MO. RICHMOND, VA. 
606 First Nat’l Bank Building Railway Exchange Bldg. Virginia Railway & Power Bldg. 
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“LAMBERT” 
METERS 


Made in all sizes from five-eighths to six inch of best 
bronze composition. Fitted with our unbreakable 
“Disc’’ of hard rubber reinforced with a steel plate. 


The ‘‘ Lambert’’ water meter has made 
meter systems popular. 


THOMSON METER CO. 


100-110 BRIDGE STREET BROOKLYN, N. Y 


THIS SPACE! 
Is 
FOR SALE 


ABERTHAW CONSTRUCTION CO. 
Contracting Engineers __ 
Specializing in Concrete . 


8 Beacon Street Boston 


We are prepared to undertake the construction 


of buildings, dams, bridges, tide walls and other 
structures of reinforced concrete and other ma- 
This work is done on the cost-plus-profit 
method, _based upon. careful ‘accounting methods 


terials. 


and cost ‘systems. 
We have a pamphlet. wich ee in some 


detail how this work “is carried on. Ask for 
Cost Accounting on~ Construction 
Work. aa 
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LEDDER & PROBST, Inc. 


56 Franklin Street, Boston, Mass. 
Surveying Instruments 


REPAIRING 
BLUE AND BLACK PRINTS 


Drawing Materials 


We buy, sell, exchange and rent all kinds of instruments 


RIDEOUT, CHANDLER & JOYCE 


Engineers and Piping Contractors 
178 HIGH STREET - BOSTON, MASS. 


Steam Specialties, Engineers’ Supplies 
Piping of All Kinds Furnished or Erected 


TYSON, WEARE & MARSHALL CO. 


BEACON BUILDING, BOSTON 


General Contractors for Buildings on 


New Fish Pier, South Boston 


C.D.Kirkpatrick,Mgr. S.P.Gates, Asst. Mgr. 


B. FE. SMITH & CO., INC. 


ESTABLISHED 1878 


ARTESIAN AND DRIVEN WELLS 
FOUNDATION BORINGS 


Engineers and Contractors for Municipal and Private 
ater Works 


Office: lst NATIONAL BANK BUILDING, 
60 FEDERAL STREET, BOSTON, MASS. 


REFUSE COLLECTION AND DISPOSAL. 
By E. N. Stacy. 
A PLEA FOR BEAUTIFUL BRIDGES. 
By H.G. Tyrreil. 
THE GENESIS OF THE TRACTION 
ENGINE. 
By J. L. Mowry. 


Journal of the Association ef Engineering 
Societies, January, 1915. $3.00 per year. 
30 cents per copy. 


JOSEPH W. PETERS, Secretary 


3817 Olive St. ST. LOUIS, MO. 


oO 


SS 


- ~ 
"RAO <= 
EASTERN EXPANDED METAL Co. 


MANUFACTURERS OF EXPANDED METAL 
FIRE DOORS, FRAMES AND FITTINGS 


201 DEVONSHIRE STREET BOSTON 
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PERRIN, SEAMANS & CO, 


Machinery, Tools and Supplies 


FOR 
Construction Work 


57 OLIVER STREET, BOSTON 


EDWARD F. HUGHES | Engineering Books 


Artesian and Driven Wells | THE OLD CORNER BOOK STORE 


for Have the Largest Stock at the Lowest 
Manufacturing, Public or Private Prices. (all and examine. Prompt 
Wats’ Sapialy attention given mail orders. 
954 Oliver Building, 8 Oliver Street, Boston, Mass. | 27-29 BROMFIELD STREET 


TEL. 1633 MAIN BOSTON, MASS. 


DETROIT GRAPHITE COMPANY | ampuRsEN COMPANY 


PAINT MAKERS Engineer-Constructors 
Special Penstock and Standpipe Paint ; 
Reinforced Concrete Dams and 


**Superior Graphite Paint”’ for Steel : 
Bridges and Buildings Bydrectig Work 


94 Milk St., Boston, Mass. 


61 Broadway New York City 


Engineering & Drafting Supplies 


JOHN G. HALL & CO. 
BLACK LINE AND BLUE PRINTS 


114 STATE STREET, BOSTON SURVEYING INSTRUMENTS REPAIRED 
__ |B. L. MAKEPEACE 
i 387 Washington Street 
BOSTON - neds | MASS. 


Assnriated Architects Printing & Supply Co. 


144 CONGRESS STREET, BOSTON 


BLUE, BLACK AND VANDYKE PRINTING ON PAPER OR LINEN 
BLACK ON WHITE REPRODUCTION PROCESS — ANY COLOR 
DRAWING MATERIALS AND SUPPLIES 


TELEPHONE, FORT HILL 4013 
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JA. B. SEE 
IELECTRIC 
ELEVATORS 


Of All Types 


Pash Button Elevators 
Automatically Controlled 
DBOKWAGZINECIIGG “| ~~~ for Residences, Ete: - 

LAWSSOB PRINTING. : , aed 


176 To 184 E HIGHS: STREET, NEW YORK 


BOSTON, MASS HARTFORD BOSTON OFFICE 
PHILADELPHIA ; 


BALTIMORE ; MINOT ; BUILDING 
Meare “tha _ 1 Devonshire St. 


MONTREAL ; 


peSTeR BRIDGE gg Q 


2 2 STRUCTURAL CO. 


yee eaters Nglergwneteathat eis 
For Prices on all Classés of" J" 


STEEL AND IRON WORK. 


WE DESIGN AND MANUFACTURE 


ROOF TRUSSES, GIRDERS, COLUMNS, STAIRS 
AND FIRE ESCAPES FOR BUILDINGS . 


nT BRIDGES, HIGHWAY BRIDGES; RAILROAD BRIDGES 


We Geek a Large Stock “> 
I-BEAMS, PLATES AND ANGLES 


Can Make Quick Deliveries. 2 2 Send in Your Inquiries. 
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A New Flow Meter 
For Gaging Pipes 


e; - ' 
i 

Saeed ete tieast atra nth hl 
= 7s ae 


The new Vaughan Flow Meter, designed and 
patented by i F. Vaughan, accurately gages the 
flow of liquids in pipes, in cooling, heating, lubri- 
cating, boiler feed, and other me- 
chanical systems. It is well made 
of few parts —nothing to get out of 
order. 


| | Peewee | 


Measures Any Liquid 


A rising piston admits the liquid into a slotted 
chamber, the piston ceasing to rise when the slotted 
area is sufficient to pass the flow. An in- 
dicator shows the rate of flow in gallons 
per minute. An alarm contact rod tells 
when the flow falls below normal, the rod 
being adjustable. 


A simple, effective meter, at moderate cost. 


Write for bulletin giving full details 
Si 


W. & L. E. GURLEY 


Makers 


TROY, N. Y. 


Branch Factory, Maritime Building, Seattle, Wash. 
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STOP WHOLESALE LOSS 


USE THE HERSEY DETECTOR-METER 


On Fire and Manufacturing Services 
THIS IS THE ONLY METER 
Endorsed by Water Departments and Underwriters. 


Because it registers all large flows. 
Because it registers all small flows. 
Because it does not obstruct the flow. 


HERSEY MFG. COMPANY 
Main Office and Works: South Boston, Mass. 


BOSTON, MASS., 714 Tremont Temple. COLUMBUS, O., 211 Schultz Bldg. 

PHILADELPHIA, “The Bourse.” BUFFALO, N. Y., 806 White Bldg. 

CHICAGO, ILL., 10 So. La Salle Street. ATLANTA, GA., "3d Nat. Bank Bldg. 

SAN FRANCISCO, 461 Market Street. LOS ANGELES, Marsh-Strong Bldg. 
NEW YORK CITY, 174 Fulton St. 


All KINDS OF METERS FOR ALL KINDS OF SERVICES’ 


500,000 SOLD 
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SPECIAL COMMITTEES — Continued 
ON SOCIAL ACTIVITIES . 


EDMUND M. aap: Chairman 


EDWIN D. HAYWARD LAURENCE B. MANLEY 
GEO. A. CARPENTER . JOHN N.‘FERGUSON 
HENRY A. SYMONDS CHARLES H. GANNETT. 
CLARENCE T. FERNALD EDWIN R. OLIN ~ 
FREDERICK C. H. EICHORN GEO. A. SAMPSON 
CHARLES H. EGLEE HERBERT N. CHENEY 


LESLIE H. ALLEN HAROLD L. ROBINSON 


ON PAPERS AND PROGRAM 
LEWIS E. MOORE, Chairman 


a “= 


HERBERT R. STEARNS DEWITT C. WEBB 
GEORGE C. WHIPPLE ROBERT S. WESTON 
WALTER W. CLIFFORD DANA M. WOOD 
EDWIN H. ROGERS JOHN P. WENTWORTH 


ay ae te eee ary Sy 


RATES FOR sho gto Baers Si 


For one pb issues 


rt 


One page : ij : F - $75.00 — 
One-half page - : < 40.00 
One-quarter page . ‘ . F 25.00 
One-sixth page . 4 ‘ ° 17-50 
One-cighth page . s . a” 01/2 %4.09 
One-twelfth page . P mi : 10.00 


Last page, 50 per cent. additional. 


’ “For further sepa or for contract poy address 


“EDWARD C. SHERMAN, Baitor, 
6 Beacon Street, Boston. 


